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OFFICE OF THE SECRETARY OF DEFENSE
WASHINGTON, D.C. 20301-3140

22 MAR 1993

DEFENSE SCIENCE

BOARD

MEMORANDUM FOR DI RECTOR, DEFENSE RESEARCH AND ENG NEERI NG

SUBJECT: Final Report of the Defense Science Board Task Force on
Engi neering in the Mnufacturing Process

I am pleased to forward the attached DSB Sunmer Study Task Force
report entitled "Engineering in the Mnufacturing Process,”" which was co-
chaired by Dr. Kent Bowen and M. Noel Longuenare. This study represents
a logical continuation of DSB manufacturing studies perforned in prior
years, particularly in the areas of integrated product and process
devel opnent and dual - use- manuf act uring. In this study, however, the
primary focus is on Science and Technol ogy (S&T) and the application of
| PPD and dual -use concepts even earlier than previous studies have
recomrended.

The Task Force found that the need to shift froma product focus to a
process focus with the primary enphasis on value and solution rather than
performance and schedule is of paramunt inportance. As has been shown
in previous DSB studies, superior products result when the manufacturing
processes are well understood and very capable. Needed perfornmance
features are created, but not at the expense of cost and schedul e. DOD
and defense industry managenment nust insist on the early integration of
product and process developnent. DOD and industry nust depart from a
uni que part and process mind-set to one that allows for abundant use of
conmercial parts and processes. To mininmze the effect of the industrial
base's excess capacity and the current reduction trends, production
pl ants nust take maxi mum advantage of fl exible manufacturing practices.
Finally, to inprove a poor record in transitioning fromtechnol ogy
devel opnent  to production, the S&T community nust establish a process
mentality at the outset. This new strategy, coupled with early |earning
through nodeling, sinmulation, and physical experinents, will greatly
reduce risk and uncertainty before programs enter acquisition.

I recommend that you review the reconmended strategy and managenent
approach contained in the Executive Summary. As a result of its
del i berati ons, the Task Force al so devel oped specific recomendations for

experinments, summarized in Chapter 4, to be conducted within S&T Advanced
Technol ogy Denpnstrations to validate the benefits of the new recomended

approaches to S&T.

AV,
John S Foster, Jr.
Chai rman

Attachment



OFFICE OF THE SECRETARY OF DEFENSE
WASHINGTON, D.C. 20301-3140

DEFENSE SCIENCE
BOARD

March 23,1993

Dr. John S. Foster

Charman, Defense Science Board .
OUSD(A), Room 3D865, The Pentagon
Washington, DC  20301-3140

Dear Dr. Foster:

Attached isthe finad report of the DSB Task Force Summer Study on Engineering
in the Manufacturing Process. We believe that the Task Force has addressed fully the
objectives of the Terms of Reference to make recommendations on engineering and
manufacturing management and technology approaches that can be used to achieve a better
product and process balance and result in both unit production and tota life cycle cost
reduction. Recommended management approaches include integrated product and process
development and making the best use of commercid products, practices, and capabilities.
The use of modeling and simulation is recommended as a means of achieving early learning
and reducing risk.

We believe that implementation of our recommended management gpproach and the
specific recommendations contained in the Executive Summary will provide the means to
achieve technologically advanced weapon systems of superior quality but at a cost
affordable in today’ s environment. Providing incentives to the defense industry to
institutionalize the best commercial practices also serves to strengthen our nation’s
competitiveness.

This report is the result of the Task Force efforts by DSB members, consultants

from industry and government advisors. It has been a pleasure and a privilege to have led
such a talented and dedicated group.

ML fen [ Tl Voo

Dr. H. Kent Bowen Mr. R Nod Longuemare
Co-Chairman Co-Chairman

Attachment
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EXECUTIVE SUMMARY

This report presents the recommendations of the Defense Science Board (DSB)
Summer Study Task Force on Engineering in the Manufacturing Process. The terms of
reference (TOR)! for this Task Force represent a logical continuation of DSB
manufacturing studies performed in prior years, particularly in the areas of integrated
product and process development (IPPD)? and dual-use-manufacturing. In this study,
however, the primary focus is on Science and Technology (S&T) and the application of
IPPD and dua-use concepts even earlier than previous studies have recommended.

During its study, the Task Force addressed engineering and manufacturing
management and technology approaches that can be used to achieve a better product and
process baance in the S&T phase, which precedes the forma acquisition process, and that
result in both unit production and totd life cycle cost reduction. It chose S&T “exit criteria’
and metrics as the means to demonstrate process as well as performance capability during
the S&T phase and to reduce downstream acquisition risks. The Task Force aso examined
a key enabler of IPPD and manufacturing enterprise control-advanced modeling and
simulation technology. The work in this area by this Task Force relates to the work of
another DSB Summer Study that specifically addressed simulation, the Readiness,
Smulation, and Prototyping Task Force. The expanded use of best commerciad products,
practices, and manufacturing capabilities was dso conddered as an additiond way to meet
the Department of Defense (DOD) future needs for rapid transition to production and
economic  low-volume  manufacturing.

As a result of its deliberations, the Task Force developed specific recommendations
for experiments to be conducted within S& T Advanced Technology Demonstrations
(ATDs) to vdidate the benefits of the new recommended approaches to S&T contained in
this report.

1 A copy of the Terms of Reference can be found in Appendix A.
2 Also referred to in previous studies as concurrent or simultaneous engineering.
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BACKGROUND

The change from a bipolar, well-defined threat to a diffuse, uncertain threat has
dramaticaly dtered the worldwide nationa security environment and reduced and changed
US defense materid reguirements. This new environment calls for high technology
products to be produced with steeply declining procurement budgets. This change
affecting U.S. defense industry is occurring at the same time that U.S. commercia industry
IS responding to a competitive and dynamic world economic dtuation in which a sgnificant
emphasis is being placed on improving product value, process yield, quality, and
performance. The survivors in these environments will be firms that are world-class, that
IS, suppliers who deliver high quality products with the correct performance features at low
cos and on time. A mgor opportunity exists for DOD to create the right conditions to
attract such suppliers and take advantage of the rapidly advancing commercid
manufacturing processes and product capability. In so doing, it can become a world-class
customer.

The term “world-class’ implies tha the customer-supplier relationship is a long-
term one during which profits or benefits, risks, knowledge, and information are shared.
World-class suppliers and customers have a deep understanding of design, manufacturing,
and |PPD principles. World-class companies are able to deliver products ahead of the
competition and a a lower cost because they have acquired a deep understanding of ther
critical processes, and they design products around these process capabilities. World-class
customers provide incentives and minimize non-value-added tasks to elicit responsveness
from suppliers. Suppliers are selected based upon their proven capabilities. Once the
customer-supplier relationship is establisned and the supplier does encounter difficulties
with a product or process, the world-class customer helps the supplier solve the problems.
However, the supplier's processes are required to be in control and capable, and constant
nonperformers are carefully weeded out. World-class customers typically do not
overspecify thelr requirements but strive to minimize the how-to's-they do not compete
with their supplier base. Becoming world-class requires profound change in behaviors,
procedures, practices, systems, and policies.

The current climate of Defense Conversion and reinvestment is particularly
conducive to the needed changes. First, DOD plans to maintain its technologica edge by
presaving S&T invetment levels and emphasizing Advanced Technology Demonstrations
(ATDs). This new S&T dtrategy is the key new ingredient in leveraging the DOD
acquigition system in its development of IPPD capabilities with the benefit of sgnificant
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product and process improvements developed in these ATDs. Second, the ability to change
Is also enhanced by Congressional emphasis on dual-use-manufacturing and Defense
Conversion. Third and very important, the U.S. industrial base has, in thelast 5to 10

years, undergone a trangtion to more and more world-class companies and world-class
products especidly in the competitive commercid area Finaly, more of a convergence
exists today between the technology that is used in military systems and that used in
commerciad  products.

Of paramount importance is the need to shift from a product focus to a process
focus with the primary emphass no longer on performance and schedule but, instead, on
vaue and solution. Superior products result when the manufacturing processes are well
understood and very capable. Needed performance features are created, but not at the
expense of cost and schedule DOD and defense industry management must insst on the
ealy integration of product and process development and the diminaion of functionaly
separate organizations. Overhead costs must be minimized by using only value-added
tasks. Overspecification must be diminated, and this can be accomplished by assuming
commercia-like procurement practices. DOD and industry must depart from a unique part
and process mind-set to one that allows for abundant use of commercial parts and
processes. To minimize the effect of the industriad base's excess capacity and the current
reduction trends, production plants must take maximum advantage of flexible
manufacturing practices. Finally, to improve a poor record in transitioning from
technology development to production, the S& T community must establish a process
mentdity a the outset.

TASK FORCE APPROACH

The Task Force formed three subgroups to address the mgor points of the TOR.
Each subgroup contributed a chapter to this report, giving the details of the approach, the
experiments, and the recommendations. One subgroup considered requirements in the new
S& T environment for early consideration of manufacturing processes and established
criteria for making progress in the S&T phase (Chapter 1). Another subgroup examined
the uses of advanced modeling and smulaion in IPPD (Chapter 2). The third subgroup
reviewed opportunities for increased use of best commercial products, practices, and
capabilities (Chapter 3). To demongrate the benefits of the recommended approach and to
accelerate the application of the strategy across DOD, the Task Force proposed a number of
experiments, to be conducted during the S&T phase. Because of the complexity of DOD
acquisitions, clear and compelling evidence of the benefits is needed to support across-the-
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board change. The experiments were chosen to reflect various aspects of technologies,
programs, and infrastructure and are summarized in Chapter 4. The recommended Strategy
and specific recommendations are summarized below.

RECOMMENDED STRATEGY

The Task Force's assessment of the need for management process improvements is
based on an understanding of the acquisition practices and condraints that have evolved
over the past 40 years. 3 A hisory of ingitutiondized policies, management philosophies,
training programs, contract rewards, and payment schedules has cast the mold for DOD
programs. Constant performance orientation, using the schedule as a rigid form of
management, changing the requirements late in the development process, not understanding
R&D, giving low or no priority to process development, and making commercid products
and capabilities the exception rather than the rule have al contributed to the problems facing
DOD and the defense industry today. When process development has not been dtarted early
inthe S& T phase, programs have fallen victim to high risk, resulting in cost overruns,
schedule dips, and unattained performance gods. As a consequence, Defense acquisition
has incurred micromanagement by the Congress, a disintegration of trust and harmony
between the DOD and the defense industrid base, and a genera public perception that the
DOD is smply not doing its job. This perception can be dispelled by DOD becoming a
world-class  customer.

A DOD management process needs to be indtituted that focuses from the outset of
development on improving the manufacturing process, tha uses new tools in modeling and
smulation, and tha takes advantage of commercid products, processes, and capabilities.
There are four elements to this strategy that the Task Force believes are needed:

Implement IPPD in S&T programs to initiate the cultura change and conduct
experiments to demongtrate the benefits of the new approach.

Build on complementary acquistion phase initiatives.

Take advantage of the revitdized world-class commercid industrid base.
Drive a new manufacturing philosophy into DOD from the top.

Firdt, the advanced technology demongtrations (ATDs) planned in DoD’'s new S&T
drategy offer a maor opportunity to effect a culturd change, both in S&T and in DOD
weapon system development and production. An emphasis on IPPD will guide the

3 A historical perspective on how the current situation came to be is contained in Appendix D.
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trangtion from the current performance- and schedule-driven management process to a
more baanced solution-driven process. This agpproach will provide superior technology
with high quaity, on-time delivery, and affordable costs. This new drategy, coupled with
ealy leaning through modding, smulation, and physicd experiments, will greatly reduce
risk and uncertainty before programs enter acquisition.

Second, these efforts during S& T should build on complementary initiatives
ongoing for the acquisition phase of product development. Examples are Defense
Acquistion Board (DAB) emphasis on drict adherence to milestone exit criteria, the use of
IPPD in programs such as the F-22 development program, and the attention given to
process metrics, such as manufacturing yield for infrared (IR) focal plane arrays. The
chdlenge will be to define implementations of these improved acquisition concepts that are
aopropriate in the S&T phase.

The third element of the strategy is to take advantage of recent advancesin the
commercial industry. As defense procurement funds continue to decline, it becomes
increasingly important for DOD to make better use of commercid products, the commercia
manufacturing base, and the best, world-class, commercid manufacturing policies. This
strategy could enhance U.S. commercial competitiveness as well as provide a needed
capability for defense products.

Fourth, as noted in the 1991 DSB Summer Study, Weapon Development and
Production Technology, a new strategy will not be successful unless it is adopted and
driven from the top. Cultural change does not occur unless there is a sense of need and
urgency, but the current DOD budget environment should be sufficient motivation to reduce
the waste and uncertainty. A clear management philosophy must be articulated to
emphasize continuous improvement and a more balanced focus between product and
process, to encourage a more reasonable business environment between contractors and the
government, and to enable greater adoption and use of commercid products and practices.
This change will require new policies, management systems, incentives, and extensive
training to accelerate the transition, but will enable the DOD to become a world-class
customer.

Manufacturing Technology Development Responsibilities

To implement the recommended IPPD approach in balancing product and process
development, the USD(A) must teke a very active leadership role.
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Under the recommended approach, the leaders and program managers of S& T
Thrusts 1 through 5 (the “warfighting” thrusts) will be responsble for demonstrating both
product performance and the product's criticd manufacturing processes for the programs
within their areas. Thrust 7, Technology for Affordability, will be responsible for
processes and components common across several thrusts-e.g., rapid design and
manufacturing of custom signal processors-and for the required engineering and
manufacturing infrastructure. Thrust 6, Synthetic Environments, and Thrust 7 will be
responsible for the infrastructure linking the electronic battlefield and the IPPD
environment. Continuous user feedback by way of battlefield simulations coupled to
sysem functional requirements, dong with advanced process modeling and sSmulation,
will provide the necessary mechanism to keep the user in the loop during design and avoid
the costly problem of new requirements being imposed during Operational Test and
Evaluation (OT&E). .

All ATDsshould be reviewed for product and process readiness and vaue before
trangtioning to Milestone |. While the task of integrating product and process is more
familiar after Milestone I, clear expectations must be shown for ATDs well before
Milestone |. The metrics should include the manufacturing process capability (eg. G,
Cx? yield, unit production cost) and whether the product can be produced by commercia
lines and used for both DOD and commercial applications. ATD exit criteria should
include, aong with successful product performance demondrations, having a scaable
manufacturing process in place with agreed-upon maturity-level exit goals.

After Milestone I, program managers will be held responsible for the further
development and improvement of al processes unique to ther respective programs. The
effects of IPPD in the S& T phase will be lost without maor investments in |PPD
knowledge for the managers of the phases after Milestone I. The depth of process
knowledge required and the addition of process metrics & Milestone reviews will be new to
the program managers.

IPPD applies to more than relaionships between the DOD and defense contractors
through defense contracts. It is important that these principles be applied to the
interactions between the various facets within the DOD itsdf-in particular between the
organizations of the DDR&E and the Assstant Secretary of Defense for Production &

4 Procascapabilityindic&s% and Cm, are defined in Appendix E.
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Logistics [ASD (P&L)]-to ensure a seamless continuity throughout the life cycle of our
next-generation defense  systems.

Major Reengineering of Management Process

To indigate the change within DOD and its suppliers, the defense community must
reengineer and refocus the management processes. Underpinning this refocused
management must be a DOD manufacturing philosophy that originates a the very top of the
DOD leadership. The approach should be based on the adoption of IPPD, to include
beginning IPPD in the S& T phase as part of along-term education and measurement
sysem leading to world-class systems. The inditutiondization of manufacturing process
maturity metrics will evolve into a DOD and industry standard for evaluating
implementation ~ maturity.

To dimulate industry’s response- for industry must embrace the idea of beginning
IPPD early inthe S& T phase-the key isfor DOD to make IPPD profitable. Incentives
(contractud and otherwise) are needed to motivate industry to make the investment required
to quantify metrics on al criticd processes and initiate acrossthe-board improvements in
the face of shrinking DOD budgets. Additiondly, incentives should motivate industry to
facilitate affordable, low-volume production through investments in flexible manufacturing
systems. Industry should be permitted and encouraged to use commercid products and
processes in DOD systems. Success of the agpproach will mean that al non-vaue-added
functions are greatly minimized or diminated.

Guiding Principles for a DOD Manufacturing Philosophy

DOD and the industrial base need a set of guiding principles in a DOD
Manufacturing Philosophy. It should be a mgor satement on emphasizing manufacturing
process development in DOD acquisition. This manifesto should stimulate and
indtitutiondize DOD and industry-wide use of IPPD as the management process to reduce
risk and uncertainty beginning in the S&T phase and continuing in al succeeding phases of
the acquisition process. DOD needs to develop metrics to gauge progress in |PPD
implementation and to ensure that the cited objectives are achieved.

The guiding principles for a DOD manufacturing philosophy are as follows:
Simulate DOD and industry-wide use of IPPD.
Develop metrics, goals, and incentives for assessing |PPD and stimulating
DOD  suppliers.
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e Use proven process models.
* Integrate factory information systems.
e “Prove before improve’ and “clean up before automate.”

e Tran managers & dl levels in IPPD.

e Congran product desgns to fit the best commercid manufacturing capabilities
wherever  possible.

e Elimnate nonvaue-added activities to sreamline the process.

e Provide incentives, not bureaucraic regulations.

As an example of an incentive, contract award evauation criteria should include
congderation of the offeror's demondtrated understanding of the capability of the critical
manufacturing processes and the specific plans to mature the processes. A second type of
incentive would be to provide award fees tied to progress in maturing key processes. Other
incentives could be considered, but these two would confirm for industry and government
program managers the importance of focusing on IPPD.

RECOMMENDATIONS

Deputy Secretary of Defense

Because top-level commitment is essentid to the success of this gpproach, the Task
Force recommends that the Deputy Secretary of Defense (DepSecDef) lead the charge in
making DOD a world-class customer. As a first step, he should articulate a DOD
Manufacturing Philosophy and ensure that this new policy has a priority. Then, he should
see tha this new philosophy is communicated and implemented throughout the Department.
Cultural change will not occur overnight--continued management support and interest will
be needed.

Under Secretary of Defense for Acquisition

The first recommendation for the Under Secretary of Defense for Acquisition
[USD(A)] isthat he designate a champion to assist in instilling the new manufacturing
philosophy in all aspects of defense acquisition. This champion will work with the
DDR&E and Sevice Acquistion Executives (SAES) to implement changes, educate and
tran the workforce, and inditute metrics and incentives.
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Next, the USD(A) should use the flexibility inherent in DOD acquistion policies
(DOD Directive 5000.1 and DOD Ingtruction 5000.2) to require post-Milestone | programs
to take advantage of risk-reduction activity performed in the S&T phase and to encourage
the inclusion of IPPD in al programs past Milestone I. In many cases this should
encourage the dimination of specific steps currently invoked under the 5000 series that
would no longer be necessary under the new gpproach.

In implementing these recommendations, DOD must avoid becoming an “IPPD
policeman” or requiring adherence to a strict methodol ogy for implementing IPPD as
defined by a set of “how-to” specifications. Rather, it should establish incentives to
motivate industry to apply IPPD through a results-oriented approach. For example, DOD
could develop for IPPD an assessment process Smilar to the Software Engineering Indtitute
(SEl) self-assessment process for software.

Director of Defense Research and Engineering

The Task Force strongly recommends to the DDR&E that IPPD and gppropriate exit
criteria be implemented in ATDs and dl program miletones. This implementation will
require a culturd change in the technology community, making education and training of
S&T Thrust Leaders and ATD program managers necessary. A magor shift in resources
will dso be needed to develop the process technology and understanding.

Modding and smulation must be implemented ealy in the S&T phase to optimize
capabilities and accelerate learning. Use of modeling and simulation must continue
throughout the product’s trangtion from S&T through development and into production.

Commercia capabilities must be used to the maximum extent posshble to saisfy
DoD's product needs. To broaden the use of commercia capabilities and to accelerate the
change to IPPD, specific experiments should be identified to demondrate the range of
feagibility of dual-use-manufacturing and document the benefits.

Joint planning between the R&D and P&L communities must be established and
continued to provide continuity in maximizing and inditutiondizing the use of IPPD.

Finally, the Task Force recommends that the DDR&E work with the USD(A) to
implement experiments aong the lines of those proposed in Chapter 4 of this report.
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CONCLUSON

This Task Force believes that the topic of engineering in the manufacturing process
is one of the top issues facing DOD today. This topic has been reviewed extensvely over
the past severd years, and it demands top-level, immediate atention.

In hindsight 5 or 10 years from now, DOD and industry will have faled in the new
environment if the warfighter's needs are not satisfied with affordable, reliable systems that
provide atechnological advantage. Success will be achieved if DOD and its suppliers
become world-class, if IPPD is adopted on a wide scae, and if the management changes
ae made to make maximum use of duad-use-manufacturing in products and to significantly
reduce overhead, unnecessary constraints, and oversight functions.
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1. INTEGRATED PRODUCT AND PROCESS DEVELOPMENT

11 INTRODUCTION

1.1.1 Terms of Reference

This chapter responds specificaly to the Terms of Reference (TOR) for this Task
Force that cal for recommendations on the best approaches to reduce unit production and
life cycle costs using integrated product and process development (IPPD) tools and
environments.  Recommendations of technical criteria that can be used to assess progress in
maturing manufacturing processes are dso included.

1.1.2 Prior Related Studies

This report builds upon and refines the results of prior studies, including the
following:

DSB Report 1991 Summer Study (Advance Copy), Weapon Devdlopment and
Production Technology.

DSB 1989 Study on Smultaneous Engineering of Defense Products and
Processes  (Draft).

IDA Report R-338, The Role of Concurrent Engineering in Weapons System
Acquisition., 1988,

DSB 1988 Summer Study on The Defense Industrial and Technology Base.
These past studies contributed greetly to an initid understanding of the Stuation and helped

senstize the community to potentid  solutions.  This study offers a new approach to
redizing those solutions.

1.1.3 Background

The citizens of the United States hold both the Depatment of Defense (DOD) and
the defense industry accountable for providing the military with the best equipment that
technology can provide for the minimum cost. The recent demondraion of the military’s
capability in the Gulf War showed that the DOD and defense industry had fulfilled that trust



from the dsandpoint of the military hardware capability. However, the wegpon systems
used so effectively in Desert Storm were the legacy of a Cold War acquistion process
driven by threat and schedule pressures that no longer exist. It is gl crucid to achieve
technologically advanced wespons of superior quality a an affordable cost when required,
but it must be done with a much smaller portion of the totd government budget-

A key edement in achieving this god is implementing IPPD and placing a sgnificant
focus on manufacturing processes early in the S& T phase. This approach reduces
variability in manufacturing processes that results in high rates of rejection due to product
characterigtics fdling outsde the specification limits. The poor yields lead to high scrap
and rework and numerous engineering change orders. These reactions diretch schedules
and increase program costs-often above target values-and result in program overruns,
cancellations, and embarrassment. With a baanced, processfocused approach early in the
program, however, the proper design tradeoffs will be conducted and the uncertainty
associated with unquantified process capability will be avoided (Figure 1.1). This chapter
addresses the key issues and strategy for implementing this approach. Specific
experiments are identified and recommended to demondgtrate the use and benefits of 1PPD.
Actions are identified for key DOD officids to accelerate this change to develop more
responsive, flexible, and dependable government and industry teams.
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Figure 1 1. Integrated Product and Process Development
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1.2 CURRENT STATUS

1.2.1 Current Product Development Approach

The current product development approach is sequential, focuses on product
performance, and is one for which dgnificant schedule and cost overruns have been the
rule rather than the exception. A number of products have entered the Engineering and
Manufacturing Development (EMD) and ealy Production phases with little quantitative
measure of process capability. Manufacturing process development is usualy conducted as
a spaae activity from the design of the product, usualy much later in the development
cycle. Products have passed the major milestones primarily by demonstrating the
performance features of the system. This situation usually results in arealization at
Milestone | (or even further downstream) that the product cannot be manufactured with
acceptable yidd and qudity (Figure 1.2). Inspection and test (non-added-vaue activities)
are then required to sort the good products from the bad-resulting in high scrap and
rework-and amajor effort must be made to improve yields and quality-an undertaking
that often results in numerous design changes for producibility. The program could adso be
placed on hold while the manufacturing process matures. All these efforts are expensive,
time consuming, and disuptive.
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Figure 1.2. Current S&T Product Development Approach
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1.2.2 Current Focus on Product Metrics

At the start of any development program, the degree of uncertainty in meeting
edablished program objectives is extremely large. Edtimates of program cost and design,
performance, and schedule gods are optimisticaly edtablisned on a limited knowledge
base. The risk is especidly severe when new technologies are involved.

Management focus in both government and industry has traditiondly been driven
by schedule and performance. Milestone reviews have focused primarily on test results
with performance and schedule being identified as the criticd concerns. Little atention has
been given to criticdl manufacturing processes or producibility issues until the EMD phase
of a sysem’'s acquistion life cycle. While the degree of uncertainty decreases over time as
the knowledge base increases, the degree of risk associated with low rate initid production
(LRIP) and first production is 4ill high (Figure 1.3). Corrective actions identified during
the EMD and Production phases are very codly to implement and usudly result in long
schedule delays. Unfortunately, these corrective actions are often needed under the current
development process to mature the product and achieve reasonable acceptance test yields.
Expensve desgn magins -ae mantaned to dlow for uncontrolled degradation in the
production processes. In addition, driving the whole development by the origind schedule
rather than first solving the key problems causes the schedule to be missed and cost
overruns to occur.

System
Application

_ J Entrance/Exit Criteria -
~ ) Product Maturity Targets

S&T Dem/Val EMD FRP/Mods/Support

Ay

MS| MS Il MS lIA Ms il

Figure 1.3. High Risk with Current Focus on Product Metrics
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1.3 VISON

In the future, programs will enter Production with predictable and affordable costs
and schedules without sacrificing the performance features and combat advantage of
technologicaly advanced weapon systems. These systems will be the result of a solution-
driven process rather than a schedule-driven one. There will be a proper baance between
product and process during the early stages and throughout development. Programs
entering EMD will have far lower uncertainty and risk compared with current and prior
programs. Relatively low engineering change rates will occur in ealy Production, since
the production processes will be capable of providing the product with very high yields.

Factories will be able to respond quickly to product changes and will be able to
produce low-volume products more efficiently. This will result from a more highly
integrated manufacturing data infrastructure and more flexible manufacturing work cdlls.
Creater use of commercid pats and processes will help leverage the fewer procurement
dollars. A wider use of dmulation and modeing will provide greater understanding of the
balance between desred performance capabilities and the ability to deiver them. When the
need for new capabilities and products arises, they will be provided much more quickly and
dependably and will be much more affordable.

1.4 ISSUES AND STRATEGY

1.4.1 Issues

The current approach to weapons system development is untenable in our present
situation. Affordability demands the adoption of an approach that greatly reduces the
uncertainty in being able to produce systems within an expected budget and schedule
without incurring wasted effort. In the current DOD plans, a mgor focus is to continue to
advance technology and system capabilities in development with few new systems actualy
entering Production. Those that do enter Production will be a reatively low production
rates. Low production rates have historicaly meant high unit production costs due to the
high overhead costs and inefficient use of program-dedicated manufacturing equipment.
Affordability again dictates consderation of a new gpproach.

1.4.1.1 Expensive Risk Reduction During High Spending Phases

A normd rule of thumb in new programs is that 85 percent of the cost to develop
the product is determined during the initid 15 percent of the effort The greatest leverage in
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reducing tota progran cost and uncertainty (risk) is to solve problems during the earliest
stages when the spending rate is lowest (fewer people, machines, and inventory involved).
Unfortunately, most DOD programs begin the mgor focus on manufacturing processes
associated with introducing new products in EMD and early Production when the spending
rate is rapidly increasing. By that time, the effect of changes is deleterious, particularly on
schedule and codt.

It is consderably more desirable to reduce uncertainty and eventua risk during the
ealier sages of S&T when the cost of changes is much lower and the postive outcome
more certain. Generdly, the cost of solving problems and making a change after Milestone
| is a least 10 times greater than during S&T. During Production, the impact of a change is
normaly hundreds of times greater because of the effect on the work in progress and the
disruption in ongoing operations (Figure 1.4). To avoid these problems, the emphasis in
S&T will have to shift from performance festure demondrations to an IPPD approach.
This shift will require early development of process capabilities and the use of proven
processes and metrics when going into Production.
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Figure 1.4. High Cost of Late Changes
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1.4.1.2 Funding Flow

The new approach will result in a somewhat longer and more expensive S& T
phase, but there will be sgnificant savings in time and money during the more expensve
phases of EMD and Production. These savings will result from much less uncertainty
associated with critical processes and technologies and a more robust design

Without question, convincing the research community that the resources applied
ealy saves money laer is a difficult endeavor. With amost total concentration on product
performance, it is difficult for scientists and engineers to concentrate on manufacturing and
producibility issues, which is where they must concentrate for this new dtrategy to work
The resources to do the work of IPPD must be included in the estimate to begin the task or
project. Investing up-front in defining the manufacturing processes will result in a
minimum total expenditure of resources. In the long term dollars will be saved.

Management of funding for developing manufacturing technology is also very
important. Funding for IPPD should be placed where the responsibility for IPPD is-in
the hands of the ATD program mangers. Funding for development of process technologies
that cut across multiple ATDs or weapon systems should be placed with S&T Thrust 7 or
Manufacturing S&T (MS&T) program managers.

1.4.1.3 Responsibility of ATD Managers

ATDs must be focused on achieving a superior capability a a reasonable cost. ATD
progran managers have to be responsible for demonstrating both product performance and
the product's critical manufacturing processes. Criticd manufacturing processes will  need
to be shown as scaable from the laboratory environment to the production environment.

1.4.1.4 Education

World-class companies have learned the importance of training and education to
successfully implement IPPD. Process knowledge and metrics are generdly not familiar to
program managers and personng within the acquisition and S&T communities. Blocks of
instruction should be included in the programs at the Defense Systems Management
College, Indugrid College of the Armed Forces, and the Services Professond Military
Education Schools. In addition, specid briefmgs with informational brochures, pamphlets,
or handbooks should be presented to al personnel in the S&T and acquisition
communities.



1.4.2 Strategy

The basc drategy is to integraie development of the product with the development
of the product manufacturing process, beginning in the S& T phase and continuing
throughout the product life cycle.

IPPD is the management process that optimizes the system through iterative product
and process design tradeoffs. It allows the customer to get the most performance and
guality in the shortest time at the lowest risk and, thus, with the lowest cost. IPPD
integrates congderation of al activities from product concept through production and field
support using a multifunctiond team. The dating point is an initid definition of product
requirements, an initid product solution (concept), and a target unit cost that is deemed to
be affordable (i.e, able to successfully compete for funding in a constrained budget based
on potentid military benefit).

The IPPD technique iterates and balances product performance and process
capability by using the target unit cost as a figure of merit for decison making regarding the
product's performance, design characterization, and manufacturing processes. It requires
achievement of a pre-gpecified and increasing level of product and process maturity during
each succeeding phase of the development process to achieve the target unit cost for the
product. The result is a producible product that meets refined performance, schedule, and
cost goals.

Measures of the capability of a manufacturing process commonly used in industry
ae the process capability indices, G and Cpk.l These indices are indicators of the ability
of a dable manufacturing process to provide quaity products within specification limits.
Processes with values less than 1.0 can be interpreted as resulting in significant falout or
waste (the “Problem” in Figure 1.1.).

By using an IPPD approach beginning with the S& T phase and continuing
throughout the acquisition life cycle, DOD can accelerate tota program risk reduction. The
Task Force recommends that S& T ATDs be required to establish both critical product and
process goas as exit criteria and that this practice be continued a dl acquistion decison
points. It proposes that suitable process capability and performance metrics be the measure
of process maturity used in edtablisning the maturity targets, beginning with Milestone |,
tailored uniquely for each program. These metrics, e.g., Cp and Cpk, if deemed

1 Calculation of the process capability indices, Co and Cok is described in Appendix E. .
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appropriate for a specific program, should be defined for each criticd process and should
grow at each decision point in accordance with a plan for achieving process maturity,
edablished prior to Milestone |.

S&T schedules and budgets should reflect the additiond time and funding that will
be required to develop the criticd manufacturing processes. Milestone | will dip to the
right as shown in Figure 1.5; however, the total acquisition time-that is, the time from
Milestone | to Production-will decrease significantly, aswill life cycle cost, risk, and
uncertainty.
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Figure 1.5. Accelerated Risk Reduction Resulting From
Early Focus on Product and Process Metrics

1.4.3 Quality, Cost, and Schedule Payoffs

A baanced approach of product and process in the S&T phase results in a much
more mature design entering Acquistion. Many of the producibility tradeoffs will have
been completed, and a process development activity will have been conducted on critica
processes with a god of achieving an acceptable process capability prior to production. As
a result, there is a much lower change rate in EMD and early Production with much less
disruption of costs and schedules (Figure 1.6).
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Figure 1.6. Improvements in Quality, Cost, and Schedule Resulting From IPPD

The IPPD approach iswell known and widely used in commercial industry. In
fact, the agpproach (sometimes discussed as smultaneous or concurrent engineering) is
mandatory for survival in the semiconductor industry and has been identified as the mgor
factor in the success of the Japanese auto industry.2 A report by the Ingtitute for Defense
Andyses (IDA) in December 1988 summarized the experience of 13 contractors, both DOD
and commercial, using IPPD.3 Activities ranged from component level to complete
products. The investigation showed overwhelming support and benefits (Table 1.1).

Table 1.1. Findings on Concurrent Engineering

Business Unit Benefits

Boeing Ballistic Systems Division |30 percent cost savings; 67 percent inspection ratio
reduction

McDonnell Douglas TAV-8B 68 percent fewer drawing changes; 58 percent scrap
reduction

Hewlett Packard Instruments 35 percent less development time; 60 percent lower
field failure rate

John Deere & Company 30 percent development cost savings; 60 percent
development time reduction

2 James P. Womack, Daniel T. Jones, and Daniel Roos, TheMachinethat Changed the World, [Based on
the Massachusetts Institute of Technology 5-million Dollar  5-year Study on the Future of the
Automobile] Rawson Associates, New Y ork, 1990.

3 Robert . Winner, James P. Pennell, Harold E. Bertrand, and Marko M.G. Susarczuk, The Role of
Concurrent Engineering in Weapons System Acquisition, IDA Report R-338, December 1988.
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Other more recent examples include a 30 percent improvement in time-to-market for
the new Chryder Viper, greater than 90 percent reduction in time to deliver the GBU-28,
30 percent development cost reduction for Delco radios, a fourfold increase in religbility of
a Hewlett Packard Gas Chromatograph and a 50 percent reduction in development time and
cog for the Westinghouse modular radar (MODAR). A 30 percent reduction in overdl
program cost is not uncommon. The reduced cost is associated with fewer changes in early
Production, much less rework (associated with poor design margin and late design
changes), and higher yidds. A high qudity product, with more dependable deliveries, a
low costs is the result.

15 IMPLEMENTATION

Implementing IPPD beginning in the S&T phase will require a revolution in the
way S& T managers think about product development. As initial product concepts are
conceived, effort must also be applied to define the process that would be used to
manufacture the product. Modeling and simulation should be used to maximum advantage
in acquiring early learning and reducing risk. The product and process concepts should be
iterated to achieve acceptable confidence before proceeding to the next phase in which
preliminary desgn and product implementation processes ae defined. This definition will
provide the basis for establishing a product cost target and assessing risk before the S&T
“product” enters the ATD phase. Each ATD (as well as other 6.2 and 6.3A programs) will
then have specific exit criteriafor product performance and for process maturity. The
process metrics will include yield, capability, quality, and dual-use-manufacturing
potenti. The exit criteria will aso require a plan for process maturity development to
achieve specified process metrics during EMD (Figure 1.7).
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1.6 CONCLUSIONS AND RECOMMENDATIONS

The subgroup reached four mgor conclusions about the DOD's future use of IPPD
to develop and produce superior, low-cost products through its suppliers:

New and increased emphasis is needed on the development of key
manufacturing processes, darting early in S&T, and on continuing to mature
these key processes during acquisition.

With the increased understanding of processes, the use of IPPD in the S&T
phase will increase the quality of the product characteristics at reduced costs
and risks.

Exit criteria from the S&T phase should, as appropriate, use the same metrics
employed by the best commercial companies, in which process maturity
indices, including critical process capability indices, are as important as
product performance features.

Development and inculcation of IPPD principles in the S&T phase should set
the pattern for the downstream phases. The implementation of integrated
problem solution methods, process capability exit criteria, and process
understanding must be continued as pat of the acquisition process following
Milestone |.

These conclusions led the subgroup to recommend that a DOD manufacturing
manifesto or set of guiding principles be articulated by top management in the DOD. This
manufacturing philosophy should emphasize manufacturing process development. It
should stimulate and institutionalize DOD and industry-wide use of IPPD as the
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management process for reducing risk and uncertainty beginning in the S&T phase and
continuing in all succeeding phases of the acquisition process. DOD needsto develop
metrics to gauge progress in IPPD implementation and to ensure that the cited objectives are
achieved. In so doing, DOD must avoid becoming an “IPPD policeman” or requiring
adherence to a drict methodology for implementing IPPD as defined by a set of “how-to”
specifications. Rather, it should establish incentives to motivate industry to apply IPPD
through a results-oriented approach. Incentives (contractuad and otherwise) are needed to
motivate industry to make the investment required to quantify metrics on all critical
processes and initiate across-the-board improvements in the face of shrinking DOD
budgets. Additiondly, incentives should motivate industry to facilitate affordable, low-
volume production through investments in flexible manufacturing systems. Incentives
could include consideration of the offeror's demonstrated understanding of the capability of
the criticd manufacturing processes and the specific plans to mature the processes for
contract award evauation criteria or providing award fees tied to progress in maturing key
Processes.

The subgroup recommends that IPPD and appropriate exit criteria be implemented
in ATDs and a dl progran milestones. This implementation will require a culturd change
in the S&T community, making education and traning of S&T Thrust Leaders and ATD
program managers necessary. A maor shift in resources will aso be needed to develop the
process technology and understanding. Joint planning between the R&D and P&L
communities must be edtablished and continued to provide continuity in maximizing and
inditutiondizing the use of IPPD.
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2. MODELING AND SIMULATION

2.1 INTRODUCTION

2.1.1 Terms of Reference

This chapter has been developed in response to the Terms of Reference (TOR) that
cdl for requirements for advanced smulation, visudization, design of experiments, and
dynamic control technologies at levels ranging from detailed product and process design to
overdl manufacturing enterprise control. 1t has been developed in coordingion with the
DSB Tak Force on Smulation, Readiness and Prototyping in addressing the interface
between detaled engineering Smulations and higher levdl smulations in the synthetic
bettl efield.

2.1.2 Prior Related Studies
This report builds upon and refines results of other studies, including the following:

Army Science Board 1991 Summer Study Final Report, Army Smulation
Srategy.

CALS Technical Report 002, Application of Concurrent Engineering to
Mechanical Systems Design, June 1989.

IDA Document D-I 161, A Review of Study Panel Recommendations for
Defense Modeling and Smulation, J. D. Fetcher, June 1992.

2.1.3 Functional Areas

Three functional areas are involved in improving weapon system cost, risk, and
performance through continuous inclusion of manufacturing parameters in design
decisions: (1) battlefield experience, (2) engineering design of the product and its
manufacturing processes (Integrated Product and Process Development-IPPD), and (3)
the industrial base. The elements of these functional areas are arranged in adjoining
hierarchica listings in Figure 2.1. This chapter analyzes the present status of modeling and
simulation-including their interrelationships- in each functional area, and proposes
changes that are necessary to accomplish iterative optimization of the product and its
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associated  manufacturing  processes. The proposed drategy is based on bringing these
changes into full deployment by the year 2000, through a series of evolutionary
developments. Recommendaions for modeling and smulation improvements and for
experiments employing Advanced Technology Demongrations (ATDs) ae developed, and
the benefits of the proposed vision and strategy are described.

Battlefield IPPD Industrial Base
Battlefield Sector
Performance
Operational System Functional Enterprise Performance
Requirements Performance
Definition
Design Alternatives Company (Factory)
Manufacturing Shop Floor
Process Design
(Design of Experiments)
Unit Processes

Figure 2.1. Modeling and Simulation Symmetry Among Functional Areas

2.1.4 Scope of Modeling and Simulation in IPPD

Simulation may be defined as “the imitative representation of the function of one
system or process by means of the functioning of another.” This subgroup focused on
uses of sSmulaion and modeling in support of the IPPD functions shown in Figure 2.1,
which suggest that there are didtinctly different technica approaches between modeling and
smulaion in the context of IPPD as compared to the batlefidld smulation examined by the
DSB Task Force on Smulation, Readiness, and Prototyping. The scope and approaches to
modeling and simulation in the IPPD process are shown in Figure 2.2 and Table 2.1,
respectively, and are described in succeeding subsections.
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Mathematical Models

£

Interactive Simulation Physical Experiments

Figure 2.2. The Scope of Modeling and Simulation in IPPD

Table 2.1. Approaches to Modeling and Simulation in IPPD

. Mathematical Models

- Based on first principles or empirical data

- Must be validated/verified to establish confidence
. Interactive Simulation

—  Accounts for difficult to predict interactions

- Includes real-time warfighter- and hardware-in-the-loop interactive
engineering simulation

- Must be validated/verified  to establish confidence
. Physical Experiments
Provide empirical models based on experimental data
- Reduce the cost of simulation, in appropriite circumstances
—  Validate models
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2.1.4.1 Mathematical Models

Mahematicd models based on first principles of physics that describe the behavior
of machines, engineering materids, eectronic devices, graphica images, etc., comprise the
mogt commonly concelved form of models. When they are feashle, mathematicd models
provide vauable relationships between design and manufacturing characteristics of weapon
sysems and their performance. Even when mathematical models can be congtructed, they
contain parameters whose values must be defined or verified through experimentation. The
accuracy of these parameters and the underlying idedizations associated with mathematical
models must be validated to establish confidence in the models before they are used to
support engineering decison making. Particularly in the case of manufacturing processes,
the associated physics, chemistry, and related disciplinary behavior are often either
impossihle or extraordinarily difficult to modd mathematicaly from first principles.

2.1.4.2 Interactive Simulation

Aspects of wegpon system performance such as automatic ammunition loading,
adaptive vehicle suspension, and a warfighter's ability to extract information from a display
screen are difficult or impossble to model mathematicaly. Yet, they must be accounted for
in red-time war-fighte- and hardware-in-the-loop interactive engineering smulation. A
combination of physica components, the actud warfighter, and mathematicd models of
components must function in an integrated real-time engineering ssimulation (shown
schematically a the lower left of Figure 2.2) to provide confidence in tradeoffs that involve
such difficult-to-model components and weagpon system performance. As in the case of
mathematicl modeling, interactive amulations must be validated to provide confidence that
engineering decisons based on thelr use are rationa and correct.

2.1.4.3 Physical Experiments

Numerous important effects that cannot yet be modeled mathematicdly may be
modeled by physical experiments that need not be conducted in real time. This is
particularly true for manufacturing processes that have not yet reached a state of
mathematical modeling maturity to support IPPD. Physicd experiments or pilot  process
plants may serve to smulae large-scale manufacturing processes and plants to be used in
manufacturing weapon systems. Once condtructed, they can provide timely experimental
information needed to support design and manufacturing tradeoffs that influence cod,
performance, and battlefield effectiveness of weapon systems. For well-understood
manufacturing processes and weagpon performance characteristics, empiricd models based
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on experimenta data are adequate for smulation in support of IPPD. Examples of such
gtuations include the relationships between standard machining process feeds and speeds,
weld materid deposit and rod traverse speed, and vehicle suspenson oscillation frequency
as a function of mass and damping characteristics. Such empiricd models should be used
when they provide the desired information to reduce the cost of simulation and enhance the
timeliness of its use in IPPD. When empiricdl models are adequate, there is no need for or
benefit in cresting mathematicd models that yiedd no new information for the intended
application.

2.2 CURRENT STATUSOF MODELING AND SIMULATION IN IPPD

In addition to well-established physicd experimentation and empirical approaches to
modding and simulaion, technologicd developments are needed to bridge the gap between
battlefield ssimulation, simulation in support of IPPD, and manufacturing process
simulation shown in the shaded region of Figure 2.3. The status of specific simulation
tools is summarized in Table 2.2 and outlined in the subsections that follow.

The vertica arrows in Figure 2.3 indicate the types of iteration activities that can be
envisoned between mgor mode eements within a functiond smulation environment. In
essence, thisis “feed-up/feed-down” information exchange. The solid arrows indicate
aeas where the practice of modeling and Smulation is present today.

Since appropriate modules in each functional area (batlefidd, IPPD, and indudria
base) have not been developed with a standard architecture, data transfer format, and
network/module protocol, no horizontal electronic  communication currently exists between
the IPPD environment and the synthetic battlefiddld or industrid base. Such  communication
links would dlow for “feed-back/feed-forward” capabilities for design decison making
across the full spectrum of battlefield effectiveness, IPPD, and industrial base
considerations. These interfaces are required to ensure a robust design. Since this
important communication capability does not exist in electronic form, product and
manufacturing process designers cannot  effectively test thelr design dternatives on the
synthetic battlefield.
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Battlefield

IPPD Industrial Base

Sector

Enterprise Performance

Company (Factory)

Figure 2.3. Current Status of

Table 2.2.

Iterative Modeling and Simulation

Current Status of Modeling and Simulation Capability

Modeling and Simulation Capability

Status

Distributed interactive battlefield simulation
relating weapon system characteristics to
warfighting effectiveness

Warfighter-in-the-loop engineering simulation
defining design and system performance
tradeoffs

Hardware-in-the-loop physical simulation
accounting for difficult-to-model behavior and
failure modes

Weapon performance modeling and simulation
relating design characteristics to weapon
system performance characteristics

Manufacturing process modeling and
simulation relating design characteristics to
requirements of the manufacturing system

Architecture and standards for integration of
simulation tools

Emerging as powerful tool for incorporating
human behavior into the modeling process

On the horiion as powerful tool for
comprehensive system performance
assessment and design

Facilities and tools emerging, but isolated

Individual discipline tools well developed, but
isolated

Inadequate empirical and theoretical data on
many unit processes.

In early development stages
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2.2.1 Distributed Interactive Battlefield Simulation

The didributed interactive Simulation Network (SIMNET) that has recently been
developed by the Defense Advanced Research Projects Agency (DARPA) and is now being
operated by the Army is a powerful new battlefild smulation tool to relate wegpon system
characterigtics to warfighting effectiveness. It supports the spectrum of functions shown at
the upper left of Figure 23. A mix of wespon systems smulators, such as tanks, armored
personnd  carriers, helicopters, and fighter aircraft, provides the individud warfighter audio
and video interaction with an integrated battlefield environment. This capability can now be
used for both training and evaluation of the warfighting benefit of conceptual weapon
sysems in a combined ams battlefiedld environment. The use of warfighter-in-the-loop
battlefild amulation eiminates any assumptions that are inherent in the modeling of human
behavior and thereby increases confidence in results of the simulation. System
performance is an input to the ssimulation, and SIMNET providesinsight into how the
warfighter will actudly employ the sysem on a synthetic battlefield. In combinaion with
SIMNET, emerging enginearing smulation tools hold the potentid to revolutionize the
process of wegpon system requirements definition, weapon system conceptua design, and
evauation of the impact of manufacturing capabiliies on warfighting effectiveness in a
redidic  battlefidld  environment.

2.2.2 Warfighter-in-the-Loop Engineering Simulation

Recent advances in red-time wegpon sysem smulation provide the potentid for
warfighter-in-the-loop engineering simulation of weapon system performance, at an
engineering level of detal that is suitable for taloring the design of the wegpon sysem to
the capability of the wax-fighter. Acceleration of initid developments in this area will create
anew engineering simulation capability for usein IPPD that emulates proving ground
prototype tegting, using a red-time enginearing amulation in lieu of the physica prototype.
This revolutionary new capability, called “virtual prototyping,” offers the potential to
dragticdly reduce the time and cost of wegpon system concept and prototype design. An
extraordinarily powerful - warfighter-in-the-loop engineering smulation tool is thus on the
horizon, to bridge the gap between the newly created distributed interactive battlefield
dmulaion capability and non-red-time Computer  Aided-Enginering  (CAE)  smulation
capabilities that are reasonably well developed in the engineering community. The use of
enginearing models in the smulation of a weapon system diminates the need for many of
the performance assumptions normally associated with the modeing process. Properly
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implemented,  warfighter-in-the-loop  engineering  Smulation dlows the desgner to input
design parameters to the smulation and infer wegpon system performance in the hands of
an actud warfighter. When combined with warfighter-in-the-loop battlefield smulations
such as SIMNET, in which weapon system performance is an input, comprehensive
system performance assessments can be made.

2.2.3 Hardware-in-the-Loop Physical Simulation

Andogous to warfighter-in-the-loop engineering simulation, weapon  subsystems
that are difficult or impossble to mode mathematicaly can now be incorporated in red-
time hardware-in-the-loop engineering smulations, in some cases with the war-fighter in the
loop, to determine performance characteristics of weagpon systems and subsystems in a
field environment. Hardware-in-the-loop simulators for tank-automotive subsystems,
arcraft subsystems, and missle subsystems are emerging, but they function in isolated
subsystem  development  environments. They have not yet been integrated into an IPPD
dmulaion environment to support both didributed interactive batlefidld smulaion and
warfighter-in-the-loop  engineering  Smulation. The use of hardware-in-the-loop smulaion
diminates al assumptions related to subsystem performance and gives the truest indication
of how the subsystem actudly performs in a field environment.

2.2.4 Weapon Performance Modeling and Simulation

Well-developed engineering andlyss tools in numerous disciplines are available to
relate desgn characteristics to weapon system performance in a non-red-time simulation
environment. CAE tools used for this purpose include solid modeing, dructurd finite
element modeling and andyss, mechanicd system dynamic modding and analyss, amor
penetration and vulnerability analysis, signature analysis, and a broad spectrum of
discipline-specific analysis tools that run on a range of workstations, mini-Supercomputers,
and  supercomputers. For the most part, these CAE tools are well developed, but they
resde in isolated, discipline-specific application environments. They have not yet been
integrated into an IPPD infrastructure that can provide timely support to engineering
decision making and data creation for the higher levels of modeling and simulation
capability described in previous subsections.
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2.2.5 Industrial Base Simulation

The manufacturing system involves the prime contractor and the supplier chain.
Production consists of piece-part, subassembly, and full wegpon system assembly. Any
mgor wegpon System production base conssts of hundreds of companies from severd
sectors, organized through the chain from producing piece-parts to find assembly of the
sysem. The Modeling and Smulation subgroup saw no need to mode the industrid base
above the shop floor, shown at the right of Figure 2.3, in support of product and process
design (although other enterprise management functions might be served by such
amulations). In order to model this system a or below the shop floor, for the purpose of
iterative examination of affordability tradeoffs with performance by means of synthetic
battlefield smulation, criticd unit processes must be determined and modeled as pat of a
weapon system model. Such models can then be designed to be robust against the
requirements to meet durability, reliability, and affordability standards. As this capability is
developed, an electronic communication channel between process design and unit
processes a the lower right of Figure 2.3 will be needed.

The agpproach taken to modd criticd unit processes has been to determine ther
characteristics by means of physica experiments and data gathered over time from factory
experience. The eectronics industry has used design interactive smulations for some time
to determine thermd characteridics, solderability, lead-hole relaionships, and simulated
process capability for the product designed. Computer systems employing empirica data
bases are now emerging that can both simulate and control manufacturing operations. No
dtempt has been made to modd levels higher than the shop floor in the industrid base.

2.2.6 Architecture and Standards for Infrastructure Integration

As noted above, numerous CAE modding and smulation tools and a broad range
of hardware- and warfighter-in-the-loop engineering smulators exist or are on the horizon
to support timely and cost-effective IPPD. They tend to be isolated, however, and
communication among the numerous tools that support wegpon system and manufacturing
process development is difficult. This results in unnecessarily dow and costly use of these
tools in the design of weapon systems and associated manufacturing processes. To meet
dfordability objectives in S&T ATDs and in the acquisition process, a uniform architecture
and standards for integration of this plethora of tools is required to create an effective IPPD
environment. While some progress is being made, integration of modeing and sSimulation
tools to create the needed infrastructure is in the very early stage of development.
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2.3 VISION

The vision for modeling and simulation in the DOD manufacturing process, as
dated in Table 2.3, includes capabilities that can be achieved during the decade to support
versatile and cost effective engineering and manufacturing processes.  Elements of the
vison will be redized through an evolutionary process that involves continuous test and
vaidation of engineering modeling and smulation technologies in the S&T ATD process
and throughout the acquisition process.

Table 2.3. Vision for Modeling and Simulation in
the Manufacturing Process by Year 2000

Capability Envisioned Application

Modeling and simulation Used throughout the IPPD process including battlefield
performance, operational requirements definition, system
functionality assessment, product design, manufacturing
process design, factory capability and cost tradeoffs, and
logistics support assessment.

Warfighter-in-the-loop Used to accelerate learning in engineering development,

engineering simulation fabrication, and testing, and to reduce the cost of physical
prototyping required to validate both the simulation and the
design.

Synthetic environment Seamless electronic information feedback and feed-forward
capabilities for decision making across all aspects of the life
cycle.

Modeling and smulation will progress to different stages of maturity for different
sectors of the industrid base during the next 3 to 7. The god will be to reduce the time,
cost, and risk associated with weapon system development and production by:

«  FElectronicaly linking the synthetic bettlefiedd and the IPPD environment
Improving design for system performance
lterating design dternatives with manufacturing process decisions

« Improving manufacturing process capability
Linking the IPPD environment and factory operations.

Today, the semiconductor and chemica industries and many areas of single product
or sngle process desgn have validaied modds and smulations of al ther manufacturing
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processes. Vdidation of models and smulaions used in product and process design will
be carried out in specific, sector-oriented ATDs. The ability to feed back and feed forward
those capabilities will alow decison making to improve al aspects of the product life
cycle. As a result of the actions recommended in this chapter, modeling and smulation

capabilities in the year 2000 will become as summarized below and described in more detall
in the subsequent subsections.

War-fighter- and hardware-in-the-loop smulation used in product design.

Modeling and smulation of capabilities for criticd manufacturing processes as
dandard industry practice.

Architectures and infrastructures implemented within  companies and among
companies within sectors to support interoperability of models and tools in
|PPD.

Electronic interchange between the synthetic battlefild and IPPD achieved

Methodology and vaue of sdlected interchanges between IPPD and shop floor
established.

Data available for critical unit processes.

2.3.1 Modeling and Simulation Throughout Product Development

Vaying levels of modding and sSmulation tools, some of which exist and others of
which will be developed as an integrd pat of the S&T process, will substantidly impact
the DOD engineering process. Weapon system concepts will be devel oped, tested, and
evduated using Smulation, with minimum essentid physcd prototype fabrication, ted,
and evaluation for validation and benchmarking of capabilities and ssimulation tools.
Didributed interactive batlefild sSmulation will be caried out using the exising SIMNET
and its derivatives to involve the warfighter in assessing the value of new weapons and
technologies in a combined force battlefield environment. This revolutionary new
digributed interactive smulation capability will be complemented by red-time warfighter-
in-the-loop enginearing simulators and non-red-time  engineering Smulation tools to hbridge
the gap between the current engineering design environment and the new, synthetic,
combined-ams battlefiedd. Engineering  modding and smulation  capabilities  developed
and implemented during the decade will revolutionize the process of IPPD, including both
the design of the weapon sysem and its associated manufacturing processes. Improved
fundamental understanding of manufacturing processes that is gained in process modding
research will both enhance the ability to optimize manufacturing processes for specific
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applications and support tradeoff analysis of factory capability versus product cost, prior to
entry into EMD of candidate weapon systems. Finally, the engineering modeling and
dmulaion tools developed during the decade will permit maintainability, reiability, and
related supportability specidists to participate in the wegpon system design process a the
very beginning, hence permitting supportability to be designed into the product.

2.3.2 Determination of Cost Drivers in Manufacturing Simulation

During product and process design, manufacturing engineers will prepare macro
and micro process plans for designs that are to be evauated on the battlefield. The macro
process plan is the routing from station to station on the shop floor, while the micro
process plan is the detailed instruction set (e.g., tooling, fixtures, thermal cycle, and
joining materid) for each dation. For the most part, these plans will be based on known
unit processes that have been proven in manufacturing and for which variability curves are
available for analysis. When new processes are required, however, an extensive
experimentd  determination of a practicd unit process and its variability is required. The
vaiability curves will be matched to tolerances to determine the process capability. The
resllting design will then be tested using engineering simulation techniques to determine
durability and reliability. The macro and micro process plans will be used to determine unit
costs for arange of production rates. This process will beiterated until an acceptable
tradeoff between battlefield performance, cost, durability, and religbility is determined.

2.3.3 Warfighter- and Hardware-in-the-Loop Engineering Simulation

Developments by DARPA and the Army in warfighter-in-the-loop engineering
simulation for support of acquisition will be intensified to emulate the costly and
time-consuming conventional process of prototype design, fabrication, and testing.
Warfighter-in-the-loop engineering simulators will support engineering performance
dmulation & a design level of detal and will account for human factors and fundamenta
human response quantification and measurement. Thiswill create the level of realism
required for design of weapon systems to function effectively in the hands of a broad cross
section of warfighters. Taken with carefully planned hardware-based experiments for
dmulaion vaidation and parameter determination, a fundamentd understanding of critica
engineering tradeoffs will be achieved.
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2.3.4 Modeling and Simulation Tool Validation

Significant developments in modeling and smulation tools will be carried out in
joint ATDs among the S& T Program’s Thrust 7, Technology for Affordability, and
Thrusts 1-5, the weapon system thrusts. The cost of vaidation will be sgnificant, but this
sep is required to ensure that a true representation of the manufacturing process exists.
Vdidation should be pat of an ATD’s exit criteria Test and vadidation using real weapon
system applications will provide confidence that product and manufacturing process
smulaions can be used in lieu of repetitive prototype design, fabrication, and test.

2.3.5 Environment for Information Feedback and Feed-Forward

DOD efforts that have been initiated to integrate advanced engineering tools for
support of IPPD of weapon systems will be accelerated under Thrust 7 to create tools and
technologies for affordability. Communication standards and formats will be developed to
permit effective dectronic integration of the broad range of modding and Smulation tools
tha must function harmonioudy to achieve the vison outlined above.

2.4 ISSUES AND STRATEGY

Comparing the future vision presented in Section 2.3 with the current status
presented in Section 2.2 highlights the following gaps in the modeling and simulation
process.

Lack of eectronic integration of synthetic battlefield with engineering design
environment.

No architecture or infrastructure to support reuse and interoperability of models
and tools in IPPD.

Inadequate empirical and theoretical data on most unit manufacturing
Processes.

The subgroup found a lack of eectronic integration of the synthetic battlefidld with
the engineering design environment. Little data is avalable to indicate the use of batlefield
smulation in the design process, except by way of manua communication of reguirements.
There appears to be no technologica limitations to performing this activity, but time and
resources are required to develop the linkage and data bases to support IPPD. To date,
there is no architecture or infrastructure to support reuse and interoperability of modules
and tools for IPPD. Also, empirical and theoretical data on most unit manufacturing
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processes are found to be inadequate. These gaps need to be bridged, or filled, so that
modding and smulation can be used effectively throughout the development process.

2.4.1 Criteria for Simulation in IPPD

Conggent with the god of creating and using simulations only when they meet
criticl needs and yield concrete benefits, four criteria for creating manufacturing system
amulaions have been established as follows:

(1) The smulation must have the capability to control the real factory (e.g.,
semiconductors, crystal  filters).

(2) The simulation must provide timely information feedback to the IPPD
environment (e.g., establish codt, performance, and quantity tradeoffs, define
process flow impediments).

(3) The smulation must provide cost tradeoffs for weapon system affordability
assessment.

(4) The vaue of the smulation must exceed the cogt of its creation and use.

At least one of the first three criteria, and in al cases the fourth, should be met prior to
investment in a proposed smulétion.

2.4.1.1 Capability to Control the Real Factory

Invesment in modeling and smulation may be judified if the resulting smulation
has the capability to be used in controlling the red factory. Simulations of manufacturing
processes that initidly support manufacturing process design may have enough vaue in
controlling the red factory, creating desred qudity and manufacturing yield, to justify their
development and vaidation. Automated factory control, with emphass on rapid initiation
of limited rate and full-scle production, can then be achieved through use of smulation-
based computer control of the manufacturing process.

2.4.1.2 Timely Information Feedback to IPPD

Models and smulations developed for manufacturing process design can  often
provide critica information on product peformance and cost that can be achieved with
available manufacturing processes, in support of the IPPD process. With validated
manufacturing system simulation tools, product and manufacturing process design
iterations can be carried out to quantify tradeoffs associated with cost, production rate, and
product quaity that are dictated by the manufacturing process.
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2.4.1.3 Cost Tradeoffs for Weapon System Affordability
Assessment

The IPPD process can be developed to determine the affordability of weapon
systems, based on the smulated use of new technology. Smulation can reduce the costly
cycle of design, prototype, test, redesign, retest. The product and manufacturing processes
developed will then meet the predicted yields and cogt, prior to manufacturing.

2.4.1.4 Value Must Exceed the Cost of Its Creation and Use

Even if one or dl of the above criteria are met, it is imperative that the value of a
proposed smulation exceed the cost of its cregtion, validation, and use. Otherwise, the
smulation is being crested for its own ske. The vaue of a smulation must be judged in
terms of the reduction in time and cost achieved, as compared with achieving the desired
result by means other than modeling and smulation.

2.4.2 Major lIssues To Be Resolved
The subgroup identified six dignificant issues regarding the use of modeing and
smulaion in the engineering and manufacturing process:

(1) Can modeling and simulation be used to shorten the time and substantially
reduce the cost of conventiona prototype fabrication and test methodology?

(2) What is currently capable of being modeled and smulated?

(3) Wha should be modded and smulated?

(4) Does an infradructure exist to support modeling and smulation?

(5) Should modding and simulation be used as a DOD source selection tool?

(6) Can modeling and smulation guide sdective invesments in the indusrid base?

2

The subgroup’s response to these questions is in the following subsections.

2.4.2.1 Time and Cost Reduction of Conventional Prototype
Fabrication and Test

Judicious use of modeling and simulation methods, concentrating on critical
performance and manufacturing process issues and taking advantage of available models of
noncritical weapon performance and manufacturing capabilities, can sgnificantly reduce the
time and cost of the weapon system design cycle. Use of vdidated models in smulation of
a weapon system and the associated manufacturing processes can avoid one or more cycles
of the conventiona prototype fabrication and test process, hence gignificantly shortening
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the time and substantialy reducing the cost of wegpon system and manufacturing process
design.

2.4.2.2 Existing Capabilities

Many aspects of weapon system performance are now capable of being Smulated
with  confidence, whereas some performance-related design tradeoffs require red-time
interactive  warfighter- and  hardware-in-the-loop engineering  smulation methods that  are
under development. Well-developed engineering andyss tools ae currently available in
many sectors and are avalable for the non-red-time smulation environment. Tools such as
solid modeling, computationd fluid mechanics, finite eement dructurd andyss, thermd
andyss, and mechanica system dynamic smulation are used today for product design and
occasondly for design of manufacturing processes. Additiond tools need to be developed
for al new process ATDs.  Currently, only selected manufacturing processes can be
modeled mathematicaly using firgt principles. Thus, most smulations of manufacturing
processes must be caried out using physical experiments or empiricd models that are
based on experimenta data

2.4.2.3 Judicious Use

Criticd weapon system peformance and manufacturing process characteristics
should receive high priority for modeling and simulation in support of IPPD. Care should
be taken to avoid the evangdligic use of modding and smulation when it is not needed.
The least cost and time-consuming modeling and smulation gpproach should be adopted to
meet specific high priority needs in product and process design.

24.2.4 Infrastructure Support

The major challenge in effective use of engineering modeling and simulation,
paticulally as regards achieving a rapid response smulation capability, is enhancing the
poor infrastructure that is currently in place to support modeling and smulation. Individua
discipline-oriented simulation tools exist, but most are embedded in specialized
organizations. Data communication standards and tools to exploit the broad range of
gmulation tools required in weapon system and manufacturing process design do not exist.

2.4.2.5 Guide to Selective Investments in the Industrial Base

Modes of the manufacturing industriad base are needed a a level of sophidtication
that reflects the impact of investments on product cost, production quantity, product
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qudity, and industrid base responsiveness. Such a capability may or may not be feasble
in the foreseeable future, depending on the industrial sector involved.

2.4.2.6 Source Selection Tool

Some sectors of the indudrid base are cagpable of using modeing and simulation as
a discriminator for source selection. This capability needs to be expanded (where feasble)
to many sectors of the industrid base.

2.4.3 Manufacturing System Simulation in the ATD Process

Manufacturing costs are dependent on the determination and validation of unit
process physics. In the event of a new materid application or the need for a new process
with an old materid (eg., x-ray lithography), manufacturing costs are unknown until the
process is understood, verified, and tested for repeatability throughout its total process
sequence. Thus, the affordability of engineering ssmulation feedback to battlefield
simulation will require extensive anaysis and experimentation. It is therefore
recommended that ATDs involving only a few new processes combined with known
processes be sdected to demonstrate modeling and smulation technology.

Higtoricaly, technology demonstrators have not devoted serious atention to the
ability to cost-effectively produce products based on the technology being devel oped.
Although some benefit in this area may be derived from first principles mathematical
modeling and smulation technology, the newness of the manufacturing processes involved
will generdly require extensve physcd vaidation.

Simulation is being used to determine manufacturing queues, flow time, cycle time,
and manufacturing bottlenecks. This activity needs to be continued and integrated into the
development of ATDs.

In the past, the DOD S&T community has not been willing to spend the resources
required to validate production capability, and the DOD Production and Logistics (P&L)
community has been preoccupied with industrial base issues involving production of
weapon systems. Therefore, the important area of production risk abatement for key
technology insertions has fdlen into an organization chasm.

2.4.4 Industrial Base Issues

Manufacturing process technology is dependent on organizations since it involves
training of specidists and combined managerid and technologica skills. In fact, it is these
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gecidig ills that are essentid for military gpplications and that must be highlighted in
any study of the defense industrial base. The loss of organizational process capability
through bankruptcies, buyouts, retirements, and other “wild card” events can make
recongtitution expensve and exceed the 5-year warning period.

2.5 IMPLEMENTATION

Modeling and simulation will become an integrd activity in support of the new S&T
and acquigtion drategy: Modest basic developments will be achieved in modeling and
gmulaion in generd; dgnificant effort will be devoted to integrating the IPPD environment
with the batlefiedd and industrid base functiona areas, and carefully chosen experiments
will be conducted to test, demondrate, and refine an integrated engineering environment.
Improvements needed to achieve the desired capability for iterative product and
manufacturing process optimization using modeling and simulation are shown
schematicdly in Figure 24. An infrastructure to support red-time interactive modeling and
smulaion in each of the three functionad areas of the highlighted region of Figure 2.4 will
permit iterative interaction among modeling and Smulaion tools to support the following:

(1) Battlefield operationd smuldion to determine requirements and evaduae the

war-fighting capabilities of candidate designs.

(2) Integrated product and process design that accounts for tradeoffs among design
dternatives as they influence system performance and manufacturing process

capabilities.
(3) Tuning of unit processes in the shop floor environment to support low- and
high-volume production of weapon subsystems and systems.

Equaly important, horizontal electronic communications are required between the
IPPD environment and the battlefield and industrial base sectors, as shown in parallel
horizontd arrows between these sectors in the highlighted region of Figure 24. These
interactions need not be in red time as indicaed by the padld arrows, but should be
implemented using an electronic medium. Initial efforts to define the needed
communications between the IPPD and battlefild environments have begun and can be
systematicdly implemented and tested through ATD experiments. The interchange between
IPPD and the shop floor, however, is rarely found today. The semiconductor industry is
one in which the interchange does exist, and the benefits are clear. In other sectors, care
must be taken in defining the level of electronic interaction needed and the benefits to be
derived.
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DOD has developed an excellent battlefield-to-requirements simulaion system, but it
must be interfaced with industry’s system that includes design and manufacturing models
and simulations. Numerous examples exist in which the design process received
incomplete operational requirements, but deficiencies remained undetected until Operationd
Test and Evaluation (OT&E). Creation of the communication links recommended will
dlow for earlier user involvement and better definition of operationd requirements a the
dat of development.

If dl appropriste modules in each of the functiond areas of the highlighted segment
of Figure 24 were developed, and if a standard architecture, transfer format, and network
protocols existed, then the appropriate level of information exchange between the respective
functiond smulation environments would be as indicated by the horizontd pardle arows.
This is the communication capability that will provide feedback and feed-forward
capabilities for decison making across the functiona environment boundaries between
IPPD, the battlefield, and the shop floor. The verticd arows above the shop floor in the
industrial base functional area are shown dashed because, a this time, the investment return
IS much less clear.

Battlefield IPPD Industrial Base

Sector

A

Enterprisé Performance

A
\A

Company (Factory)

A

Figure 2.4. Improvements Needed for Iterative Optimization
Using Modeling and Simulation
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The subgroup recommends three actions, described in the following subsections, to
acderate the trangtion to the enhanced modeling and Smulation environment shown in
Figure 24.

2.5.1 Conduct Experiments

The first action is to conduct experiments that iterate among the synthetic battlefield,
the IPPD environment, and the smulated factory. ATD experiments that cross boundaries
between Thrusts I-5 and Thrust 6 (Synthetic Environments) and Thrust 7 should be
sected to develop and demondrate capabilities and limitations offered by modeing and
dmulation in IPPD. Examples of such experiments are given in Chapter 4 with details in
Appendix I. The objective in these experiments is to iterate, in a codt effective and timely
manner, among (1) the synthetic battlefield for warfighting effectiveness, (2) the IPPD
environment for product and manufacturing process design, and (3) the smulated factory
for production of weapon systems in the industrid base. Tradeoffs involved in these three
mgor functions are required to optimize product and process designs within the capability
of the industrid base to meet warfighting needs in a cost-effective and timely manner.
Concrete experiments that augment simulation efforts planned in existing ATDs are
recommended to challenge all aspects of this revolutionary new approach to product
optimization and process design. This is the least costly and most effective approach to test
the bounds of modeling and smulation technology and to form a foundation for practica
modeling and smulation tools that can be expanded over time to meet a broad range of DOD
needs.

Prior to exit from an ATD, manufacturing capability and affordability should be
demongtrated through use of modeling and smulation as well as sdected vdidation and
physcd prototyping efforts. Modeling and smulation should be caried out a a leve of
sophidtication, detall, and cost that is agppropriate for the vaue recelved. Projections of
warfighting capability, cost, and production schedule achievable through adoption of
advanced concepts and technologies represent the primary value of ATDs. Exit criteria
should be defined to ensure that validated simulations of critical weapon system
performance and critical manufacturing process characteristics are available for downstream
decison making regarding entry into EMD a some point in the near or long term.
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2.5.2 Develop and Demonstrate Architectures and Protocols

The second action is to develop and demonstrate architectures, data transfer
formats, and network and module protocols. The mgor impediment to effective use of
modeling and simulation methods and technologies for the foreseeable future is the lack of
interoperability of modeling and smulation tools. A high priority within Thrust 7 should
be given to development of standard architectures, data transfer formats, and
network/module protocols that will permit effective sharing of distributed data and models
to be migrated to the various companies in the indugrid base to redize the potentid offered
by modeling and simulation in support of weapon system and manufacturing process
design.

2.5.3 Increase Research

The find action is to increase research on basic manufacturing process physics,
sensors, and control logic. The current state-of-the-art in manufacturing process simulation
is limited by the ability to modd and smulate the fundamental physcs of manufacturing
processes, sensor functions, and control mechanisms. Research focused on developing
models and smulations of criticd manufacturing processes associated with future wegpon
systems is needed. Data from such research can provide product and process design
tradeoffs to achieve better and more redistic smulations in the foreseegble future.

26 CONCLUSIONS AND RECOMMENDATIONS

A key dement in achieving IPPD objectives is early learning and systematic product
and manufacturing process optimization through iterative use of modeling and Smulation.
Revolutionary new modeling and simulation capabilities are on the horizon to support
product and manufacturing process design tradeoffs that influence battlefield war-fighting
effectiveness and the industrial base. Readlization of these modeling and simulation
capabilities will permit defense product and manufacturing process optimization through
multiple simulation-based design iterations that are not economicaly feasble in finite time
usng the conventiona approach of prototype-based design, build, test, bresk, and fix.

The new DOD S&T drategy provides an opportunity to systematicaly develop and
demonstrate the modeling and simulation approach to IPPD. Strategic investment in
selected ongoing and new ATDs is key to achieving this potential at modest cost. In
Appendix |, three system- and subsystem-oriented ATDs are identified that can be
augmented to exercise the full spectrum of modeding and Smulaion methods and tools in
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IPPD. They involve gpplications that are typical of those encountered by al three Services
and a broad range of product and process technologies found in Thrusts 1-5. The
recommended infrastructure ATD will support these application-oriented ATDs and
demondrate a modding and sSmulation environment that couples the synthetic battlefield of
Thrust 6 with the industria base to create a revolutionary new IPPD capability for DOD.

The capability developed will provide the foundation for systematic use of IPPD
throughout weapon system development and production.

Successful completion of the recommended experiments (Chapter 4) will vdidate
the ggnificant cost and time savings that can be achieved using modeing and simulation in
IPPD. This new capability will permit the DOD to continue acquiring world-class weapon
systems, but in a shorter time and a reduced cost. DOD will thus meet its goa to become a
world-class customer, and defense industry participants that develop and adopt the
modeling and smulation approach to IPPD will function as world-class suppliers.

The subgroup delineated sx specific recommendations to implement the actions
described in Section 2.5 and reach the goal of becoming world-classin modeling and
amulation for IPPD. They are as follows:

(1) Demongtrate warfighter-in-the-loop simulation for product design in Thrust I-5
ATDs.

(2) Require the use of a combination of modeling, smulation and physical
prototyping in appropriate ATDs to demonstrate manufacturing capability and
life cycle cost prior to Milestone 1.

(3) Develop and demonstrate standard architectures and infrastructures for
interoperability of models and tools as part of a Thrust 7 Infrastructure
Demongtration supporting selected Thrust |-5 ATDs.

(4) Require Thrusts 6 and 7 to develop and adopt data transfer formats and
network and module protocols that permit electronic sharing of data between
the synthetic battlefield and IPPD, to be used for Thrugts I-5.

(5) Require Manufacturing Science and Technology Program to develop and
demonstrate electronic interchange between IPPD and the shop floor
environment.

(6) Increase research on manufacturing process physics, sensors, and control logic
and develop libraries.
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3. COMMERCIAL PRODUCTS, PRACTICES, AND
CAPABILITIES (DUAL-USE-MANUFACTURING)

3.1 INTRODUCTION

3.1.1 Terms of Reference

This chapter responds specificaly to the following tasks outlined in the Terms of
Reference (TOR) for the Task Force:
Evduae DOD and commercid technology plan dignment.
Assess technology drivers (commercia and DOD) in key industrial sectors.

Suggest technology investments and engineering practices to promote dua use.

3.1.2 Prior Related Studies

The subgroup spent a subgtantid amount of time reviewing previous studies on this
subject so that it could then build on past work. It found several excellent studies that,
when taken as a body, strongly encouraged the DOD to employ dud-use-manufacturing
more extensvely. The mogt sgnificant of these were the following:

DSB Report 1986 Summer Study (January 1987), Use of Commercial
Components in Military Equipment.

DSB Report (June 1989), Use of Commercial Components in Military
Equipment.

DSB Report 1988 Summer Study (October 1988), The Defense Industrial and
Technology Base.

DSB Report 1991 Summer Study (Draft), Weapon Development and
Production Technology.

Later in this chapter the term dual-use-manufacturing will be defined more
specificaly, but initidly it is used to smply refer to militay use of existing commercia
products and practices. Thus, dua-use-manufacturing refers to a single product or practice
that can be used both in the commercid world and the military world.
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The subgroup determined that, while virtualy dl the recommendations in the prior
dudies had merit, very few of them had been implemented vigoroudy. There are some
indications that dud-use-manufacturing has increased, but these indications are, in the
subgroup’s view, largely anecdotd and do not appear to form a substantid trend toward
greater DOD implementation of dual-use-manufacturing. subgroup members felt that
dgnificant improvements dill need to be made and tha today’s environment is different
than the environment of previous studies.t

3.2 CURRENT STATUS

The firgt issue in the current environment is the operationa setting in which the
DOD mus function in the future. The decline of communism has been surprisingly quick
and definitive. Unstable |eaders who must be closely monitored still remain scattered
aound the world;, however, they are not grouped together under one large politica banner
with massive military resources at their command as was the case until recently. This
dramatic switch changes not only the DoD's military task but aso, to a sgnificant degree,
the perception by the public, and much of government, about the need for extensive use of
our naion's resources on military capability. The resolve of the public to decrease military
spending is not only prompted by the obvious opportunity to do so but compounded by
important domestic agendas that have become much more urgent recently. In short, the
prevdent thinking is that there are many urgent needs for domestic resources and, since
threst of war has virtudly disgppeared, the military budget can be dashed dramaticaly.
The subgroup did not address the correctness of this rationade but fedls strongly that it will
preval in the future.

1 Where the need for improvement has been reccl):gnized in the DOD, many actions have been initiated or
taken to smplify the acquisition process. For example, some of the paperwork associated with the
acquisition process made the use of commercialy available products difficult. Specifications were used
that were unique to military procurement, and their excessive use drove up the cost. Today, over 75
percent_of the acquisition directives have been deleted, the Defense Federd Acquisition Regulations
(DFARS) have been cut in half, nearly 6,000 standards have been cancdled, and the DOD is using more
than 2,000 industry Standards or simple commercial descriptions in place of specifications once unique
to defense rfroducts. Mgor efforts ae nOw under way in DOD to permit the use of commercial products
and support the use of dud-use technologies duing aCquisition. Despite these new top-level policies,
however, change & the implementation level has been dow, and more remains to be done.
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Fortunately, there is another element of the environment that should make the
DOD's job of coping with the shift in public priorities easer to accomplish. This help can
come from the rather large body of knowledge and lessons learned by industry over the last
severd  years regarding new product generation and operating efficiencies. These lessons
have been learned not only by commercid industry but dso by defense industry, and they
can be brought to bear dmost unmodified by the DOD if it is willing to undertake changes
as dramatic as those in industry.

U.S. indusgtry is in an agonizing batle for survival. It is operaing in an incredibly
competitive environment in which jobs are being cut 25 to 100 percent across companies.
Survivors are going through major cultural change that includes a focus on customer
satisfaction, total quality, value-added analyses, improved management, employee
empowerment, cross-functional teams, and training and education.

This modification in the way industry has chosen to conduct its business, and the
way it looks a its problems has occurred mostly in the last 5 to 10 years. Many industries
have been pushed virtudly to the brink of extinction by worldwide high competition. The
automobile, steel, commercial shipbuilding, and home el ectronics industries have all
suffered a dramatic loss of market share because of their inability to become as efficient and
effective as their competition. Many industries learned from these examples, became much
more effective, and are now competitive. It isthe lessons |earned by these resurgent
companies that can provide the foundation for a new approach that DOD can take in
conducting its business. These progressve industrid firms, and a number of academic
ingtitutions and the government, have done considerable research on how to transform a
dipping company into a revitalized, successful, company.

The situation that the DOD is in today has many similarities to the challenge
commercia industry faces. Commercial industry customers want more value for their
money and, in many cases, want to spend lessto get better products. In the case of the
DOD, the public realizes that the U.S. military is the best performing and most capable
force in the world. They demand a continuation of that high level but just do not want to
pay as much for it. It is imperative that DOD benefit from commercia industry experience
in facing this chalenge.
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DOD must recognize that it must work with both defense and commercia industries
to maximize the value received from the dollars spent. Examples of successful
collaboration are shown in Table 3.1. Discussons of commercidization in the eectronics
and shipbuilding indugtries are contained in Appendices G and H, respectively.

Table 3.1. Examples of Successful Dual-Use Programs

J Carousel IV Inertial Navigation System (INS) (Air Force).
. Commercial utility cargo vehicle (Army).
. Heavy expended mobility tactical truck (Army)
— Commercially available components.
e Maritime  prepositioning  ships  (Navy).
. DC-10 —> KC-10 (Air Force).
. EA6B  mission planning system (Navy).
. GPS from Trirnble  (Army).
J Modular radar program (Modar).

In summary, the subgroup reached two fundamental conclusions about the new
environment: (1) the chalenge of dramaticaly improving the performance/cost ratio is
clearly facing the DOD and will be for the future, and (2) the tools and techniques necessary
to face this challenge are available. The remainder of this subgroup’s study dealt with
defining those tools and techniques and suggesting ways in which their efficacy can be
demondtrated. The Terms of Reference for this Summer Study, unlike those of previous
sudies, encouraged the Task Force to suggest specific experiments to demonstrate the
recommended tools and techniques. Severd experiments are discussed in Chapter 4 and
Appendix I.

The remaining sections of this chapter will dea with the various ways dud-use-
manufacturing can be productive for DOD. The subgroup did not study and recommend
ways in which new tools and techniques can be effectively indilled in the hearts and minds
of DOD personnel and does not wish to minimize the difficulty that theDOD facesin
installing these new paradigms.  Success stories in industry often do not address the
changing of peoples minds and habits. This change will be long and arduous but will be
worth the effort.

3.3 VISION

In the Introduction, dua-use-manufacturing was defined in its smplest form as
being the joint use of identical products and processes by both the DOD and commercia
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industry. That definition can be expanded to dlow a more detailed discusson of the vison
of how dua-use-manufacturing can be of vaue to DOD. Dua-use-manufacturing involves
more than just productsit aso refers to the joint use of flexible factories, the adoption by
DOD of successful operating practices from industry, and the convergence of military
technologies into commercid technologies. These four types of dua-use-manufacturing
ae depicted in Figure 3.1 and described in the following subsections.

Direct  Product -~

- Systems
> . Assemblies
« Components

Flexible Factories

(Miliiary/Commercial) J
DOD
Product and Best Commercial Practices
Process Needs
— IPP — Test/Inspection
— Design — Acquisition Practices
— Assembly — Organizations and People

Leading Technologies

(DOD --g—P» Commercial)

Why pursue?

« Access to leading edge technology « High quality, reliable products
« Reduced cycle time « Innovative concepts
« Cost advantages « Response to crisis

Figure 3.1. Four Paths to Dual-Use-Manufacturing

3.3.1 Direct Product Use

The first type of dual-use-manufacturing deals with direct product use, i.e., a
product that can be used by the military in exactly the same form as it is in commercia
industrial  practice. This product could be anything from a transstor or a printed circuit
board to a subassembly or a complete electronic product. With direct product use, the
military procurement officer can buy the commercia verson usng the commercia stock
number and product definition. Certainly there are many procurements that do have unique
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military characterigtics in terms of performance, environmenta hardening, or expected life.
However, the subgroup is certain that a careful analysis would show that many commercid
components would perform quite satisfactorily in a military environment. It requires more
effort on the part of the DOD personnel to ascertain that the commercid version will work
satisfactorily, but when cost differences of ten to one are a stake, these andyses are well

worth the effort.

In the past there probably was greater judtification for unique military requirements
than a the present, particulaly dong the lines of quaity. Underdandably, the military
expects that 100 percent of a batch of delivered products will meet specifications. Even one
defective component is unsatisfactory, particulaly to the Service person recaving that
defective component. Prior to the mid-1980s, commercid industry clearly thought that if
90 to 95 percent of the shipped products were conforming, it was sufficient. Today, most
successful commercial companies strive for product quality of 100 percent. Thus,
commercid industry’s gpproach to quaity has become dramaticaly closer to the military
approach, and DOD's attitude toward commercial products should reflect his.

One last note in this category of dua-use-manufacturing: It is not sufficient for the
military procurement to simply buy commercia products. Emphasis should be on seeking
out high-volume commercid products. Cost savings will be maximized only if the mogt
popular commercid products are bought.

3.3.2 Flexible Factories

The second approach to dua-use-manufacturing is the use of flexible, commercia
factories by DOD. This use encourages the DOD to participate with sub and prime
contractors and suppliers who have initiated a flexible environment for their manufacturing.
In this environment, the supplier has chosen several similar but different products to
produce on the same production line. The motivation for the supplier to do this, of course,
is the flexibility gained by being able to respond to various customers with a changing
product mix that matches the customer’s changing requirements. Usudly, flexible factories
dso have the characteristic of very short through-put times. The attendant customer benefit
is very short lead times from order to receipt of goods.

Many companies have embarked on these programs and have successfully taken
competitive advantage of the improved operating characteristics achieved. Here as with
the first dua-use-manufacturing category, more effort will be required by DOD personnel
than would be required if flexible manufacturing were not sought out. Five or sx different
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products cannot smply be put onto the same linesomeone must make sure that the DOD
product will fit the parameters established by the supplier for flexible manufacturing. The
products must have sSmilar processes, use standard parts, employ identica information
systems, and require condstent manufacturing administrative practices. The  requirements
of the supplier to meet this flexible profile are not necessarily rigorous but need to be
addressed early in the manufacturing cycle.

The benefits derived from joining a flexible factory fal into two generd categories,
both of which are subgtantid and usudly well worth the added effort. The first benefit is
that DOD will have embedded its product into the supplier’'s best manufacturing activities.
Hexible manufacturing is currently viewed as an extremely vauable competitive tool, and
most manufacturers are putting thelir best people and best practices on these lines. Thus,
DOD will be able to directly benefit from the best the supplier has to offer.

The second benefit derives from the very reason the technique is popular with
commercial industry- that is, providing flexibility to meet customer’'s changing
requirements in a very short time. In the case of DOD, the benefit is probably grester than it
is for most customers. The DOD's needs are more likely to vary dramaticdly than are the
needs of other customers because changing world circumstances are usualy completely
unforeseen. As an example, say DOD has embedded its products into a flexible
manufacturing line and requires only 10 percent of the line' s output during politically
quiescent periods. Then suddenly, a politicly unstable situation erupts and DOD needs 90
percent of the supplier's output. It is relatively easy to increase DOD's share from 10 to 90
percent if it is on a flexible line. Industry’s old, inflexible approach would usudly require
many months for it to acquire inventory for the added production. Today, industry is
successfully trying to operate with less and less inventory, and, thus, products built on
unique and separae lines will have even less flexihility than in the padt.

One lagt important point is that in a flexible environment, the totd capacity of the
line is relatively inflexible. What is flexible is the mix of products made on the ling thus
dlowing for a dramatic change in any one of the customer’s requirements for his products
made on that flexible line. Obvioudy, the supplier hopes that other customers needs will
decrease in the same period.

3.3.3 Best Commercial Practices

The third approach to dual-use-manufacturing is in the somewhat broad and vague
category of best commercial practices. Industry has learned many new ways of
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approaching activities and processes that work dramaticaly better than the old ways. It is
imperative that DOD take advantage of these lessons learned. Two generd categories of
practices are recommended. The first is practices that the DOD needs to incorporate in its
own way of doing business. The second is practices that DOD should demand of its
suppliers. This digtinction is somewhat of an overamplification because DOD does engage
in manufacturing activities and, thus, a number of the practices it demands of its suppliers
will also be applicable to the manufacturing aspects of DOD. However, since the
predominant opportunity for improvement lies in DOD’s adopting recently learned indudtrid
procurement practices, the digtinction is made here.

The following lists first cover the practices that the subgroup recommends DOD
adopt interndly. These practices will appear to be primarily procurement practices but must
be indilled conceptualy throughout the entire DOD organization. The following practices
are generdly accepted by industry to be those of a world-class customer:

Performance improvements driven from the top throughout the
organization. The person in charge must believe in and actively pursue
dl the dements of the organization's enhanced performance. This includes
establishing goals, monitoring progress, and appropriately rewarding
successful achievers. Some improvement initiatives have started at the
lower levels in many organizations. However, top management must at
least create an environment where these changes are viewed as
“professionally acceptable” (not al business environments welcome
change). It is better it the top executive establishes process improvement as
the “order of the day” and follows up on his or her pronouncements.

Willingness to share responsibilities with suppliers for the
long haul. Both supplier and customer must recognize that they are
dependent upon each other, as well as themselves, for their own success.
Each should adopt a feding of responghbility for the other's performance
and take appropriate steps to further these goals. If an otherwise good
supplier is driven by inappropriate cost and performance expectations to exit
the business, the customer has lost, not gained. Customers should be
willing to inform key suppliers of thelr expectations of technical
performance, cost, quality, and delivery parameters and even levels of
business expected. Both supplier and customer must redize that they both
need an approprite reward and risk ratio to continue the relaionship and
that each has a responghility to the other for obtaining a saisfactory ratio.
I nSk short, DOD must expect suppliers to make a profit as well as share the
risk.

Involvement of suppliers in cross-functional teams. Planning
done internaly in the DOD by teams made up of engineers, operating
people, and procurement people should include key suppliers in the ealy
phases. This is paticularly true when completdly new sysems are bein
consdered. Suppliers frequently can make productive suggestions that, i
given early enough, can modify product configurations to reduce cost and
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enhance performance and reliability. Further, when suppliers understand
the generd direction the customer is atempting to go, they can adjust ther
resources, both human and equipment, to better meet the needs of their
customers on an gppropriate time scae.

Immediate feedback on performance. World-class customers
provide thelr suppliers with performance feedback in a mode designed to
enhance performance, not simply to police unsatisfactory activities.
Customers should share performance information in a timely fashion and
include, where possible, suggestions for improved performance-not
amply a good or bad grade.

Provision of incentives to suppliers for continuous
performance improvement. Suppliers need to know that the customer
appreciates improved performance and is willing to share the rewards of that
performance with the supplier. Rewards can vary from monetary incentives
to smply a higher esteem in the eyes of the customer that could result in a
higher level of future busness.

Willingness to trade performance and cost. Dialogue between the
customer and supplier needs to occur for full understanding of the product's
cost and feature structure. Suppliers are usually in the best position to
identify the cost of various features while the customer is in the best
postion to quantify the vaue to DOD of each of these features. The supplier
must be willing to help the customer understand what each feature costs so
the customer can decide if each feature's value exceeds its cost. If not,
customer and supplier should eiminate the feature or pursue other products
that include only features worth their cost. This dialogue should be an
integrd part of any customer and supplier relationship and should occur
ealy in the procurement cycle.

Understanding of supplier’s process matrix and willingness to
participate in improvement. A world-class customer needs to
understand the processes whereby the supplier is producing the provided
products. In instances where the processes provide minimum value or
Inadequate quality, the customer must participate in identification and
subsequent modification of the offending processes a the supplier's facility.

Buying to performance specifications (minimize how-to
constraints). The customer’s job is only to describe the problem that he
wants solved by the supplier's product. Stated another way, the customer
should restrict himself to describing what he wants the product to do.
While the customer can participate in suggesting how the supplier might go
about providing the features required, the customer should recognize that
the supplier is in the best postion to determine how to meet the performance
requirements and should not provide detailed process sheets and part
drawings to the supplier. Providing this level of detall frequently diminates
the opportunity for the supplier to creatively address the customer’s needs.

Minimizing low-value-added tasks. The customer should analyze al

requirements, particularly such non-product requirements as cost accounting
information, forms, and other record keeping, to determine whether they are
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really of useto the customer. The customer should participate with the

supplier in determining the cost and whether the requirements are

worthwhile. This assessment needs to be undertaken periodically since

even once-useful practices frequently stay on the books long after anyone

can remember why they are being pursued.

The above lig includes the magor elements of what is generdly accepted by industry
today as world-class procurement philosophy, which the subgroup recommends that the

DOD incorporate.

The second category of new practices in industry that can benefit the DOD
comprises the numerous new internd practices that companies have used to improve their
performance. These practices probably will not directly affect DOD, but to the extent that
DOD can insist that its suppliers use these practices, the effectiveness of the military
resources can be enhanced dramaticaly.

The following list is a good example of the types of characterigtics that the DOD can
look for and demand among its important suppliers. Consstent with the previous list, the
subgroup feds it is extremely important for DOD to establish close relationships with its
suppliers by going far beyond smply awarding contracts, recelving materid, and paying
bills. TheDOD must encourage and require suppliers to conform to the best existing
business practices and techniques. The payoff will be better products, stronger suppliers,
and better supplier performance. Probably most important, the DOD can establish a group
of suppliers who do business with DOD not only for the profit but dso for the learning and
drengthening experience. The list of important practices by successful companies includes

the following:

Making extensive, or even exclusive, use of IPPD as described
in Chapter 1 of this report. Briefly, IPPD means that the product is
engineered smultaneoudy with the processes necessary to produce it. In
the past, designers would invent a product and then turn it over to the
process personnegl for development of the processes. In today’s world, the
product designers work in close harmony with the process people using
existing processes where they can and being careful to design within the
limits of those processes. When new processes are required, the product
designers decide with the Process engineers the characterigtics of that new
process far enough ahead of time so that the process may be developed and
proved before |t IS incorporated into the design of the product. Evidence of
this technique will help DOD ensure that the procurements of products new
to the market place can be accomplished within cost budgets and at the
highes possble levd of qudlity.

Showing evidence that operating habits reflect a deep
dedication to the continuous improvement of every process
within a company. In the old paradigm, processes were worked on
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until they were reliable enough to provide reasonable yields. Today, each
process must be improved continuously and the cost must be decreased on
an ongoing bass. Yieds are not satisfactory until they reach 100 percent.
As one knows, costs are never zero and yields are almost never 100
percent, but the suppliers must believe that almost perfect is not good
enough, and their god should be perfect processes.

By “processes’ is meant not only the physical process necessary to produce
the product but also the variety of processes necessary to manage and
administer the company. This Includes accounting processes, procurement
processes, information processes, marketing processes, and al the human
endeavors that contribute to providing a product to DOD. These
management processes are certainly more difficult to measure and evauate
than physicd manufacturing processes but usudle]/ make up a greater total
dollar expense than do the physical processes. There are a number of ways
to measure these administrative processes, including Total Quality
Management (TQM). Much has been written about this new management
tool, both academically and by practicing companies. The subgroup
suggests that this be investigated by representatives of the DOD for
in uls_ion, not only in DOD operating practices, but within the practices of its
suppliers.

Extensive use of close partnerships throughout the structure of
the organization. Onetype of partnership was described briefly in the
fird practice lised above, that of integrating the design engineer with the
process engineers. That integration should be expanded to form a complete
cross-functional team that includes not only the engineers but aso marketing
people, manufacturing people, and finance people. This ensures that the
development of a product has dl the disciplines represented & every stage of
formulation, planning, and execution.

Other partnerships, such as that between the DOD supplier and its suppliers
ae nearly as vauable. Do the suppliers use these partnerships to formulate
their operating practices and ther overdl product and technology directions?
Having a patnership in name only is of little use. DOD needs to look for
evidence tha partnerships do in fact produce the desired effects.

One type of partnership frequent(ljy overlooked but of a great potential
benefit is a partnership between different departments within a company.
Partnerships are most effective in this regard between departments, one of
which serves the other. If these departments understand that they have a
customer and supplier relationship, as they truly do, and attempt to sdisfy
each other's needs on tha bass, great improvements can be made in the
efficacy of interna departments.

Thoughtful use of modern information systems. M ost
world-class suppliers use Electronic Data Interchange (EDI) when passing
information between customers and supplier. Computer Aided
Design/Computer Aided Manufacturing (CAD/CA MR is aso frequently
found in the more progressive firms. This is not to imply tha firms should
become daves to their computers, but rather that they should make careful
analyses of the various taxs facing them and, where those processes are
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under control and well understood, use connectivity among computers to
speed up and dreamline their activities. However, turning a poorly defmed
and inadequately designed process over to a computer will smply generate
mistakes faster. Thus, in analyzing its key suppliers, DOD not only must
look for the use of computers throughout the firms but aso must come to
some conclusion as to how appropriate the computer is for each application.

The above thoughts are not only applicable to information automation
(computers) but aso to physica automation found usually in
manufacturing. Automation is frequently used effectively to increase
efficiency and quality, but DOD must convince itself that the processes
automated were appropriate before assigning high grades to any supplier.

Effective, efficient organization. One of the most difficult to assess,
but potentialy sgnificant, characteristics of a world-class supplier is its
organization. In the past, many firms have fallen to the temptation to
organize themsdves in a very traditiond hierarchica fashion with layers of
managers. This approach is costly and incompatible with efficient or fast-
reecting operating postures. About the only thing that can be sad for it is
that it is reasonably efficient as a watchdog organization. If you don't trust
your employees, a hierarchica organization alows more people to watch
others and thus keep bad things from happening. It also, for that matter,
keeps good things from happening. Progressive firms have frequently
replaced a hierarchica organization with flatter, shallower organizations that
ae desgned around an important business characteristic or competitive
advantage that the firm wishes to achieve.

Another fairly frequently used technique is to base the organization on the
information flow that must occur for the firm to be successful. A popular
organizational design centers on small operating units. These units are
given a unique single charter, such as for asingle product line, and the
responsibility for al aspects of that product (i.e., manufacturing,
engineering, marketing, and finance). This is not to say that smaller
operating units are aways affordable or the best way of doing business, but
they certainly offer sgnificant advantages of flexibility and focus.

Thus, when analyzing a supplier, theDOD needs to consider whether the
supplier's organization makes sense for the task a hand. For indtance, in
usng smal organization units, manufacturing companies frequently give the
responsibility for al the production steps (fabrication through assembly,
test, and shipment) for one product to a smal group of people. Thus, these
employees understand very well that their responsibility is toward that
sngle product. This type of organization doesn't aways work, however, if
a very expensve process is needed in the manufacture of products across
severa production units. Each production line, for instance, cannot have its
own integrated circuit fabrication activity. It would smply be too expensve
to replicate several times throughout a plant. Thus, more expensive
processes are frequently centralized with the attendant disadvantage of
losing people’'s focus on the end product. In the interest of economy,
however, centralization is sometimes the only sensble approach.
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These organizationd condderations apply not only to the physica processes
in manufacturing but aso to the organization of such important departments
a Research and Development. A ggnificant question is Should the lab be
organized around products or technical expertise? For example, should
there be a power supply department that invents power supplies for al
products in the lab, or should there simply be a team of engineers (including
apower supply engineer) working on Product A, another on Product B,
and 0 on. This latter organization has the technical inefficiencies of having
the power supply people scattered throughout the entire organization.
Inefficiencies can occur (1) because power supply engineers can't exchange
ideas and problem solutions nearly as fredy and (2) the products with the
poorest power supply engineers will have the poorest power supplies.
These problems would be substantially mitigated if all power supply
engineers were located together. However, experience has shown that a
great ded of enthusasm and product loyaty can more than make up for the
dilution of some levels of technicd expertise.

The reason for mentioning this quandary between product concentration and
functional concentration is not to suggest which is correct but smply to
indicate that there are times and places for each. A supplier that chooses one
predominantly over the other is not guided by a complete understanding of
their misson but rather by tradition and will likely be poorly served.

Effective and efficient decision making processes. Even with an
effective organization in place, if the people best equipped to make decisions
are not empowered to do so, the best organization will not function
properly. People need to be held accountable for their responghilities but a
the same time be dlowed the freedom to discharge those responshilities
effectively. Well-intended cross-functional teams, for example, will
become mired in ineffectiveness if al their decisons must be passed up
through thelr respective management to top management. People need the
freedom to make decisions that govern the discharge of their
responsibilities.

Use of statistical models. Traditionally, companies have made
decisons based on intuition or, a best, “back of the envelope” calculations.
While both techniques are appropriate and should be used in any major
decison, a third important tool that has been overlooked until recently by
many companies is the datisticd modeling of processes.

For example, some firms have recently chosen to consolidate similar
facilities only after using both intuition and numerical models. In times
past, intuition said that consolidated facilities were sometimes more
efficient, but the dilution of product focus, as noted previoudy, offset the
potentiad savings. While this wisdom may be correct in generd, it can be
uickly quantified with mathematicd modes. In many cases, these models
o a vauable job of estimating or dimensoning the potentia savings, even
if they are only accurate within 10 percent. In some cases, the potential
savings were gSgnificantly greater than anyone could have imagined. These
results opened top executives minds to further studying a dStuation they
would have dismissed out of hand in previous years. In other cases,
models have dlowed companies to didribute inventory more effectively
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iaion their entire supply chains in the interest of higher customer service
evels.

The subgroup is not proposing models instead of rationa decision making,
but evidence of the appropriate use of models by a supplier is a good
indication that the supplier Is continualy seeking to improve its operations.
It also shows that the supplier is using modern toolsto aid its progress.
Here again, it is important to make sure that the firm is not smply giving lip
savice to modding but uses the intelligence gained through modeling as an
ad in making decisons.

Valuing the accumulated knowledge and skill of the
employees. Progressive firms encourage and facilitate continuous
training and education of al their people. They view their employees skills

as thar most vauable resource. Further, they understand that skills need to

be continually modernized and expanded for the firm's future to be bright.

Educationa learning is viewed as an investment opportunity, not as a

burdensome expense or fringe benefit that must be tolerated.

The subgroup believes that this list contains the mgor characteristics among the
leading firms worldwide. The subgroup recommends that the DOD understand its
suppliers operations, at least to the extent of the above characteristics. The subgroup
thinks it is important that this understanding of suppliers operations be shared by DOD
procurement people, DOD engineering people, and DOD operating people. The entire DOD
team must be responsible for the overall supplier evaluation and corrective action

suggestions.

Before leaving this subject, it is necessary to address a potentid reection of this
vison on the grounds that DOD should only care about the products procured and should
not be concerned about how companies go about providing them. There is some vdidity to
this position, particularly in the very short term. However, the subgroup contends that
long-term  relationships between supplier and customer are the only way successful firms
will do business in the future, and this should be true for the DOD as well.

As with any human relationship, understanding the characteristics and the needs of
others can go along way towards establishing a successful relationship in which both
parties contribute to each other's success.
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3.3.4 Leading Technologies

The last of the four dual-use-manufacturing approaches proposes a substantial
dignment of DOD technologies with the dominant technologies of the commercid world.2
This is certainly a longer term process than the firgt three dua-use-manufacturing proposas
but it ultimately will be as important as the others. Dua-use-manufacturing of  technologies
will not only be productive in its own right but will undoubtedly affect very favorably the
accomplishment of the other three dual-use-manufacturing categories in future years.

There are two ditinct reasons for this proposa. The first is that by using virtualy
the same technology as the commercial world, DOD can effectively piggyback on the
enormous resources spent by industrid firms to further these technologies. Thus, for a
fraction of the development cost, or possbly a no cost, the DOD can enjoy the benefits of
many technologica advances. It certainly does take some effort on DOD's part to manage
the aignment early enough in the development of the technology so that it can be effective,
but the benefits are potentialy enormous.

It is the subgroup’s view that a conscientious effort on DOD's part to dign with
commercid technologies will go over well in industry and will alow DOD to have a definite
effect on the direction that these technologies are going. This may not be obvious on the
surface. If DOD is pushing for a completely different technology than commercid industry
Is pursuing, only a very smal industrid group will be interested in being DOD's supplier-
those companies content to serve only DOD. The subgroup believes that as DOD’'s budget
decreases, it is likely that the number of firms willing to have one customer, i.e, DOD, will
diminish. On the other hand, if DOD has aligned a given technology with the dominant
commercial industry technology, it can present itself as a very important customer to
virtually al leading industrial firms pursuing that technology. DOD will then get the
dtention it deserves both in terms of price and delivery accommodations and in shaping
technological directions. The subgroup thinks it is far more productive for DOD to be an
important customer for al industrid firms than a major customer for a few firms.

The second important aspect of dua-use-manufacturing technology is that the more
it can be used to diminish research investments, the more money will be avalable to invest
in those technologies that are clearly unique to DOD needs. Certainly, the technology of
warheads is not one that can be shared with commercia industry, but it is a necessary one

2 Technologies used in best commercid practices for IPPD are discussed in Appendix F.
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to be funded. These funds are much more likely to be avalable if technology dudlity has
been sought wherever possible.

Not only will DOD benefit from dramaticaly reduced research and development
costs, but the adoption of the key commercid industry technologies will assure DOD of an
inexpensive, high quaity flow of production units once these technologies are put into use.

Although there are precedents for the subgroup’s advice in the first three dud-use-
manufacturing suggestions, there is little in the world that represents technology sharing.
Many companies are just beginning to recognize the potentid benefits that they and the rest
of thelr industry can derive from partnerships with a shared technology focus. The most
successful example comes in the form of technology trades. Firms smply agree to trade
wanted technologies. The technologies are not necessarily related but seem to be of equa
vaue to the participants.

Another sharing mechanism is technology that is jointly developed. In this
procedure, each firm develops a step in the process, and the partners participate in
integrating them into a find technology. However, the different objectives of individua
firms usudly cause thelr process steps to be poorly compatible with the steps invented by
other firms.

A third example is the joint funding by several companies of an independent
organization to do research. This is currently being tried in severd experiments, but the
jury is ill out. There does seem to be some hope for success, however.

This lack of exiging industriad experience in shared technology does not diminish
the subgroup’'s enthusasm for pursuing this technique. The DOD might play an important
role in the development of successful formats for technology sharing. Being a catadyst in
this important, next-generation, phenomena would certainly make a contribution to the
country’s industrial - strength.

3.3.5 Summary

The subgroup strongly recommends that each of these dual-use-manufacturing
approaches be pursued vigoroudy by the DOD. It would be helpful if the potentid benefits
that would accrue through such a vigorous implementation could be quantified.
Unfortunately, only rough estimates can be made.



Hopefully, the experiments suggested in Chapter 4 and Appendix | will provide
data on the benefits and go a long way toward convincing DOD of the potentia efficacy of
dua-use-manufacturing.  Some insights can be gained from industry to help understand the
magnitude of the potential benefits. It should be understood that all the techniques
mentioned above ae reasonably new to industry and that, while virtudly al of them have
been tried, dl have not been implemented within any one company known to the subgroup
members as of the writing of this report. However, some companies have experimented by
segregating certain programs and applying most of the principles discussed above. In
instances that subgroup members are familiar with, the results have been no less than
astounding. Performance enhancements in terms of cost, product performance, product
reliability, and speed of delivery have been improved by factors of two or three. This is
repeated for emphasis. The subgroup is not suggesting smply 10, 20, or even 50 percent
improvements, but 200 to 400 percent improvements have been accomplished. The
subgroup feds drongly that these principles are vauable not only within themselves but
also in combination; together, they have a substantial synergistic effect. It isasif the
effectiveness of the programs taken together is a multiplication of, not an addition of, each
of the enhancements. Thus, two programs whose improvements would each yield a 50
percent performance increase when taken together would yield not two times improvement
but two and one-fourth times improvement. The subgroup’s industry experience confirms
this.

3.4 ISSUES AND STRATEGY

When initially examining DOD activities for potential dual-use-manufacturing
examples, one might think that opportunities are limited. A spontaneous reaction might be,
“Yes, we can procure administrative supplies such as persona computers and typewriters
through a dud-usemanufacturing mode but certainly the procurement of sophisticated
amaments suit as missles and ships are so military-unique that dua-use-manufacturing is
inappropriate.” The subgroup concluded that al sectors must be examined with an open
mind to determine dual-use-manufacturing opportunities because more opportunities  are
available than appear on the surface, asin the case of missiles and ships (Figure 3.2).
Certainly when considering the entire missile or the entire ship (with the exception of cargo
ships) one would agree tha a uniquely military requirement must be met. However, when
dividing both missiles and ships into their components, one finds more and more
applicability of dua-use-manufacturing as the end product is broken into smaler pats. As
one progresses down hoth types of products in Figure 3.2, more and more subassemblies
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and components are found that could easly be categorized as a generic device and, thus,
applicable to dual-use-manufacturing. For example, propulsion systems and control
systems, while contributing to the military end-use of the missle, find very comparable
components in commercid life. While the unique military requirements may preclude dud-
use-manufacturing  direct purchase, other dual-use-manufacturing opportunities  should
apply. Taking the example further, there would seem to be clear advantages to dud-use-
manufacturing of technology in al the subdements of the misslesincluding propulsion
and below-and, in the case of ships, a least in power plants and below.

Missile sector Ship  Sector
Missile Ship
Airframe Structure
Warhead Weapon Systems
Propulsion Power Plant
Seeker Pumps
Control System De-Sal Plant
Electronic Subassemblies Valves
PWB Vent System
Electronic Components // Habitation Items /
Al | 7
. Examine opportunities on a sector/subsector  basii.
. Consider performance, cost, logistics, rules, schedule.
. Cost advantages:
Electronic Components 10:1
Ships 1.5:1

Figure 3.2. Sector Dual-Use-Manufacturing Opportunities (Notional)

The subgroup suggests that appropriate experts in al DOD sectors be put to the task
of andyzing the requirements of their procurements and identifying those items that would
benefit from dual-use-manufacturing. The subgroup is convinced that the success of this
endeavor will be directly proportiond to the open-mindedness of the investigator and not
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limited by any lack of real opportunities. In short, appropriate experts in each of the
sectors or military categories must be motivated to find dual-use-manufacturing
opportunity-not to find excuses why dual-use-manufacturing will not work. It will be
necessary to identify and make required changes to dtatutes, regulations, specifications, and
directives to enable and facilitate dual-use-manufacturing.3

3.5 IMPLEMENTATION

The opportunities for dual-use-manufacturing have great potentid, but the change
required to take advantage of this potentid is massve. To dart the effort, DOD will have to
undertake an initiative to engender a much higher level of commitment to dual-use-
manufacturing within its ranks. This initiative should encompass the following:

Sdlecting a dua-use-manufacturing champion as a high profile, hard charging,

highly-qudlified individud who reports to the Under Secretary of Defense for
Acquistion [USD(A)J and works full time in this job.

Giving this person the responsibility to make real changes in the culture,
regulations, directives of the DOD and the freedom to motivate changesin
datutes governing DOD.

Giving this person the resources and support necessary to be successful.

Continuoudy monitoring progress being made toward the gods and the use of
appropricte management tools to ensure SUCCess.

At a minimum, the dua-use-manufacturing champion should:

EstablishaDOD and industry team to identify both dual-use-manufacturing
opportunities and congtraints by sector and subsector.

Establish definitions, metrics, and goals (by sector) for dual-use-
manufacturing (eg., ratio of commercial to total expenditures).

Agoressvely pursue modifications to datutes, regulations, Specifications, and
directives which impede dua-use-manufacturing.

Conduct experiments to provide additiond hard data on benefits and limitations
of dual-use-manufacturing.

3 See recommendations in Interpreting Commercial and Military Technologies for National Strength,
Report of the Center for Strategic and Internationd Studies (CSIS) Steering Committee on  Security
and Technology, Washington, D.C., March, 1991; and Statements of George K. Krikorian, PE,
American Defense  Preparedness  Association (ADPA),  before the House Armed Services Committee
(HASC),  Subcommittee on Invedtigation, July 22, 1992.
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36 CONCLUSONS AND RECOMMENDATIONS

The subgroup is completely convinced that the DOD must take dramatic steps to
improve its cost/performance ratio. Performance of the military has dways been extremey
high-the best in the world-as demonstrated by the recent Gulf War. While the public
continues to demand excellent performance, that performance is now expected a a much
lower cost. Mesting this expectation is urgent and should be a top priority.

Many, if not al, of the tools necessary for this reformation are at hand.
Commercid industries have learned much over the last 5 to 10 years in ther gruggle for
survival. They learned to use many tools and techniques to help improve their
codt/performance ratio, and their lessons learned are highly applicable to DOD's Stuation.

Accomplishing the needed transformation is a difficult task. Commercid indudtry,
while learning the lessons mentioned, aso found that they are difficult to implement-
particularly in companies with a successful past. Many employees and top managers of
these companies smply could not believe that their past formulas would no longer serve
them well. In dl too many companies, signs of decay had to be reflected in the financid
datements before management could be persuaded to teke dramatic action to change the
way they approached their business. No one would want the DOD to have to see inferior
outcomes to be motivated to change. It should not teke losing a military war to recognize
that past formulas for success cannot be relied on for future success.

New formulas must be found. Hopefully, the reader is convinced that changes are
approprigte. If so, the criticd question becomes How are they accomplished? Industry has
tried severa techniques, the most successful being those that include a deep commitment by
the managers a the top of the company. This has been discussed severd times in the body
of this report, but it is mentioned agan because of its key nature. The people a the top
must eat, breathe, act, and talk in an environment of continuously improving the
performance matrix of the DOD.

The subgroup recognizes that the leaders of the DOD currently have chalenging
jobs and very full schedules. Thus, it seems unredistic to expect any of them to take on
this additiona “change agent” job as a full-time or nearly-full-time activity. The subgroup
does feel, however, that the task of vitalizing the DOD towards change is a full-time
occupation, particularly in the first severd years. Once the entire Department is infused
with enthusasm and dedication to continuing to make changes, the full-time assgnment is
unnecessary.  In fact, the best sign that the program has succeeded will occur when a full-
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time “champion of change” is no longer needed because everyone in the organization
accepts their own respongibility for continuous improvement. In short, when change for
improvement becomes a way of life a the DOD, the Champion will not only be superficid
but probably detrimental to the operation of the Department. Until that time comes,
however, the subgroup thinks the Champion is an appropriate organizationa mechanism
and strongly suggests that someone be selected for that function. In the following
paragraphs, the subgroup shares its views on where the organizationa level to which that
person should report, the personal characterigtics the Champion must have, and the types
of duties he or she should perform.

Firg of dl, the reporting relationship should be one that gives the Champion the
best chance of success. Accordingly, the Champion should report directly to the Under
Secretary of Defense for Acquisition, USD(A). Only with this relationship will the
Champion command respect and support that is needed to accomplish the job. This
arangement would aso make it easer for the DOD to monitor the Champion's progress
toward changing the behaviord paradigms of the DOD. Moreover, it would make it easer
for the USD(A) to lend support, assign resources, and make decisions that indicate to
everyone in the organization that he is determined to make the program work. The
Champion’s job should be full time, not tacked onto other responghilities. Although it is
possible for one person to have two important assgnments, from a practica standpoint one
pat of the job emerge as the most important and the other would suffer. Even if the one
that predominated were the “change” job, the secondary assignment would suffer and
would clearly put the Champion at a career disadvantage. Further, the challenge of the
management job is sufficiently demanding, and the attention of the Champion should not be
diverted in the least way from this important and very difficult undertaking.

The persond characteristics of the Champion are somewhat difficult to define. A
variety of different personalities could make the job work, and there is no specific
silhouette to which the Champion must conform. However, some characteristics will
undoubtedly be needed in the job.

The firgt characteristic, of course, is a good background both educationaly and
experientialy. While the Champion does not absolutely need to come from the DOD, he or
she must possess an understanding of the workings of the Department and of the job the
Depatment must accomplish. The Champion’s educational  background should  probably
be somewhat similar to the current leadership of theDOD. The Champion should be a
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bright, energetic, hard-charging person who isn't easily discouraged and who can
persevere with a very high energy level, even in the face of temporary setbacks.

The Champion must have a proper baance of being a demanding manager and yet
not appear to be too pushy. Since most of the changes needed will not be under his or her
immediate control, the Champion needs to have a track record of making things happen.

It islikely that DOD management will not want to have this person stay in the
Champion role for a mgor part of his or her career-probably a 2- or 3-year assgnment
would be best. It is impossble to determine how long the DepSecDef  will want to have a
Champion in place it may be 5 years and it may be 10 years. Thus, it should be expected
that severd Champions will have this job before the task is complete.

After choosing the Champion, the USD(A) must do two things to set the stage
properly for change to actudly happen. First, the proper resources and support must be
provided in terms of staff and access to key resources in the Department. Second and most
important, the USD(A) must communicate both directly and by his actions that he is
sponsoring this program and is very anxious for it to be a success. This message needs to
be delivered not only to other members of the current USD(A) staff but also throughout the
DOD ranks. The subgroup suspects that among the congressiona ranks, there are a
number of leaders who will welcome the opportunity to paticipate in this program and help
the USD(A) and the Champion make it successful.

The subject of the duties of the Champion is quite difficult to address and will
undoubtedly change as the assignment progresses. The act of changing the way alarge
successful organization views its responsihilities and how to discharge them is different for
virtudly every organization. As the magnitude of the job becomes clearer, the Champion
will undoubtedly modify his or her priorities as things are tried and results evauated. The
subgroup is convinced that a properly chosen Champion, who has the characteristics listed
above and is dedicated and enthusastic about changing the way the DOD does business,
will find many ways to effect his or her objectives.

There are, however, three important tasks that can begin immediately and that
should be the first steps of any action plan. The fird is to establish a matrix of gods for all
four of the dud-use-manufacturing phases listed above. As an example, the Direct Product
Use category might have as a goa the percentage of commerciad procurement versus totd
procurement. The level of commercia interest will vary by procurement sector and
subsector. Thus, the totd DOD goa should be a composite of al the subsector gods that
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are determined by careful discussions and negotiations between the Champion and the
appropriate managers of the procurement sectors.

The other three dua-use-manufacturing categories are certainly harder to quantify.
The Flexible Factory and the Technology Duad Use categories lend themsdves to some
rather smple measures such as establishing relationships with X number of suppliers for a
flexible factory environment or with Y number of technologists for technology sharing.
Care must be taken to avoid focusing excessvely on the exact numbers X and Y represent
and to concentrate instead on the substance of the relationships and the likelihood of
meaningful  programs  ensuing.

The remaining dual-use-manufacturing mode, that of adopting current industry
practices, isindeed highly subjective. Industry has had some success with TQM where
nonnumerical  objectives have been used. Some examples of these objectives are increased
design capabilities, new adminidrative processes, or enhanced performance in  subjective
aeas such as marketing. Many people in industry are suspicious of this technique since it
does not deal with numerical goals. The subgroup feels that it has merit and should be
pursued.

The second obvious task the Champion should undertake is to initiste and manage
the experiments described in Chapter 4 and Appendix L These experiments are intended to
provide data and concrete evidence that the principles espoused by the subgroup will
provide substantialy enhanced performance. These experiments will not provide the only
data avalable to the Champion; he or she should pursue commercid industrid firms and
academic inditutions to locate other evidence that can be used in convincing other DOD
managers of the importance of this program.

A third initial step for the Champion would be to establish an advisory council.
This step is much more subjective than the first definitive steps discussed above, but in one
form or another, the subgroup thinks it would be a productive beginning. The advisory
council would perform two obvious functions, both of which would provide guides to the
composition of the council.

The first is pretty sraightforward and is the usua reason for advisory councils,
l.e, to provide expertise on the various subjects affected by the Champion's. objectives.
The Council makeup could include people who understand how change is brought about,
perhaps someone from the academic world or from a company who has successfully
undertaken change. Ancther set of expertise that must be represented is the departments
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who will be most affected by the changed paradigms, specifically the procurement
departments. Thus, representatives should be chosen for the advisory council from the
magor procurement sectors. A third category of important people on the advisory council
will be from the DOD service sectors since they will enjoy the rewards, or bear the burdens,
of the new way of conducting business.

In addition to providing expertise, the advisory council will have another important
function. Experience has shown that when representatives of the departments affected by a
change are dlowed to participate in the planning for the change, they become owners of the
plan and are very effective ambassadors to thelr departments as advocates of the plan. In
short, they will accept much of the responsibility for winning support for the change plan
within their respected departments.

This chapter has outlined the thinking of this subgroup. The subgroup is confident
that the description of the chalenge facing DOD is an accurate one and is equaly confident
tha many tools are available to DOD to help meet these chalenges. The difficult part is not
the generation of Strategic Statements as to what changes should take place in the way DOD
operates. The most difficult and often painful pat of the task is to remake the attitudes of
people into the new paradigms. The accomplishment of this transformation is imperdive if
the United Statesisto remain as strong as it has been for the last 200-odd years. The
transformation will take a substantid length of time, but the length of the journey cannot be
cause for delaying its beginning. The time to dtart is now.
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4. EXPERIMENTS

The Task Force recommends that a number of experiments be conducted as an ad
in implementing the needed process, management, and cultural changes. Execution of
these experiments would provide an opportunity for theDOD community and defense
industry to carefully examine the benefits of the Task Force recommendations to implement
IPP inthe S& T phase, apply modeling and simulation across a broader scope, and take
advantage of commercid products and practices. A summary of the experiments is given in
this chapter. Specific detall can be found in Appendix I.

The recommended experiments would dlow the new approach to be refined before
it is applied widely across all DOD programs. Most of the recommended experiments
address specific weapon system ATDs from S&T Thrusts 1-5. While it is important to
apply IPP to dl ATDs, a few should be chosen for specia emphasis to serve as role models
for success.

In addition to experiments that are specificaly designed to assst ATDs, the Task
Force proposes experiments that will examine improvements in infrastructure across the
enterprise and in dual-use-manufacturing technologies. These additiona types of
experiments will provide a better understanding of potentid savings associated with use of
the commercial products and processes. These experiments will adso ad in identifying
areas of opportunity for application of commercia products.

The Task Force recommends that three classes of experiments be conducted:
| - Application of IPP in the Science and Technology (S&T) phase
[l - Demondration of dua-use-manufacturing capabilities
[Il - Demongration of the supporting technology base and infrastructure

Class | experiments are intended to introduce IPP techniques into S&T weapon
system thrust ATDs and into programs that are transitioning to further systems
development. The recommended experiments are the agpplication of PP, with appropriate
modeling and smulation, to the design of the thick sections and other composite parts of
the Composite Armored Vehicle (CAV), the use of modding and smulaion in IPP for the
Light Contingency Vehicle (LCV), the reduction of risks in the Advanced Feld Artillery

4-|



Sysem (AFAS), and the definition and demondration of affordable technology insertions
for a derivative engine for the multi-role fighter (MRF), and manufacturing technology
programs for Integrated High Performance Turbine Engine Technology (IHPTET).

Class Il experiments are for dual-use-manufacturing and are chosen to demonstrate
and validate the advantages of applying industry’s new manufacturing techniques to
products for the DOD. Three experiments are recommended. In the first experiment, two
Gallium Arsenide (GaAs) semi-conductors, one military and one commercial, are
condructed on the same production line. This experiment will demonstrate the viability and
advantages of flexible and shared factories. The second experiment is to design and
manufacture an existing military electronic  subassembly using commercia practices and
facilities. This experiment is intended to demondrate the favorable effect that the entire
dring of commercid product generation practices can have on the cost, reliability, and
performance of military products. The third dua-use-manufacturing experiment will show
how creative products can result from an integrated design and manufacturing partnership
(IPPD). It involves the design and construction of major ship modules, such as a
desalinization plant, on shore in a production environment rather than on water after
launch. Dramatic improvements in cost and time to indal or upgrade ae the expected
result of this experiment.

Class Il experiments are focused on the supporting technology base and
infrastructure. Three experiments are proposed for this area (1) the fabrication of aircraft
dructurd components using IPP in composite materids, (2) modding and smulation
connectivity between the synthetic battlefield, the IPPD environment, and the shop floor;
and (3) demondration of the flexible manufacturing environment for low-volume and low-
cost manufacturing.

The following sections provide a description of the proposed experiments for each
of the three classes. Funding profiles are estimates based on informaion avalable to the
Task Force. Detals for each of the experiments require coordination and planning inputs
from the appropriate Program or Thrust Area Manager.
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4.1 APPLICATION OF IPP IN THE S&T PHASE

4.1.1 Composite Structure for the Composite Armored Vehicle

Severd programs are proposed for composite structures. However, in dl of its
invedtigations, the Task Force could not find a model or simulaion for the manufacturing
processes for composite materiads. Most composite work appears to be based on empirica
techniques. A modd that was based on fundamenta principles could not be found. In the
opinion of the Task Force, an effort should be initiated to develop a mode or simulation for
the manufacturing processes associated with composite dructures. An  appropriate  vehicle
for the modding and smulation efforts would be the Army’'s Composte Armored Vehicle
(CAV) ATD.

The CAV ATD involves fundamentd manufacturing technology congrants, as well
as significant tradeoffs between performance and operational tactics. The CAV, being
developed by the Army in Thrust 5, represents an operational concept associated with a
scout function that is caried out by a lightweight combat vehicle with substantia armor
protection provided by composite materials and substantial firepower. Fundamental
design, performance, stealth, vulnerability, manufacturing, and cost tradeoffs must be
addressed in this ATD. Augmentation of the current CAV ATD to develop models and
smulations of thick composites for armor and support structures will permit performance,
cost, and production quantity tradeoffs to be made, based on thick composite
manufacturing  capabilities. This extenson of the CAV as a joint ATD between Thrusts 5
and 7 provides an outstanding opportunity to test and guide development of effective tools
and technologies associated with affordability in a project with fundamenta manufacturing
congderations and tradeoffs.

The advantages of composite armor as an integral of acombat vehicle has been
demonstrated in various prototypes. Designing vehicles using composites keeps sharp
comers to a minimum and thus reduces radar cross-sections. It aso cuts down
dgnificantly on welding of heat-trested metd dloys and armor for the overdl vehicle.
Since the number of parts and joining operations is reduced, fewer templates and tools are
necessary. This results in less required floor space, lower energy costs, and fewer man-
hours per finished vehicle. However, taking the step from prototype fabrication to a
manufacturing capability of at least 60 vehicles per month, demands, at the least, a
conservative, planned approach centered on a capability using wide, thick, composite
broadgoods.
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An experiment is needed to develop the criticd manufacturing process associated
with the composite material that will meet the Army’s critical weight and threat
requirements. Manufacturing of the type of composite structures that will meet the
requirements of the CAV involves laying down many layers of woven, ballistic fabric
prepregnated onto a complex tool. The current technique for accomplishing this task is
labor intensive; however, incorporating various levels of automation into the manufacturing
process would reduce future production costs. Some types of automated equipment that
handle wide broadgoods have been developed over the past 15 years, but none have proven
to be rdidble Some of the problem areas that have been identified are methods of cutting
materid, proper tape dignment and tension, inertia problems due to the mass of the tape
dispensing head when covering various contours, and quality of the tape itself.

What is required is the development of a flexible manufacturing fabrication cell that
is designed for producing both thin and thick composite structures. The separate
components avallable for this integrated fabrication cel have been shown to be rdiable and
are currently in use in the aerospace and automotive industries. These components require
modification and integration, however, to handle wide composite broadgoods of the type to
meet the CAV requirements (i.e, broadgoods required to build the thick, large, composite
dructures needed for mgor components of the next-generation family of armored vehicles).

An additiond experiment would propose to modify reliable composte fabrication
equipment by integrating automated broadgood cutting eguipment  with  semi-automated
overhead dispensing equipment, tailored for wide broadgoods to be lad down onto equaly
wide tools. In this way, materid can be cut to order on an asrequired basis directly off
wide rolls that can be carried to an overhead dispenser automatically. Positioning,
laydown, and debulking of each ply a a specified pressure could be accomplished either
manualy or by a sequence of machine operations. These criticd processes then could be
measured to determine process maturity growth.

4.1.2 Light Contingency Vehicle

The Light Contingency Vehice (LCV) ATD involves a revolutionary new wesgpon
system concept that will require fundamental tradeoffs between performance,
manufacturing, cost, and operational tactics. The LCV, which represents a departure from
conventional heavy forces, is one of three vehicle ATDsbeing pursued in Thrust 5. Its
objective is to demonstrate how emerging technologies can be integrated to show that a
credible force can be rapidly projected into future contingency operations. The LCV is a
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joint DARPA-Army-Marine Corps ATD with a large user base tha seeks to develop an
8- to 10-ton survivable vehicle with numerous automated and semi-automated modes of
operation for use in surveillance and weapon delivery. Current ATD plans call for
dgnificant modeling and smulation efforts in  consderation of numerous technicd and
operationd dternatives, each involving fundamenta performance, manufacturing cost, and
operationd tradeoffs. Appropriately augmented with modding and smulation of criticd
manufacturing processes, this ATD will exercise the full capability of modeling and
dmulaion for IPPD. This experiment will provide an excelent test for cregting critical
manufacturing process models that can be used to meet Thrust 5 objectives, enhance Thrust
7 objectives of technology for affordability, and exploit the synthetic battlefield
environment of Thrust 6. Planners of this ATD have incorporated some elements of the
efforts needed in ther project plan. Augmentation of thisATD, to create ajoint ATD
among Thrusts 5 and 7 that uses the synthetic battlefield environment created by Thrust 6,
will be a productive and cost effective experiment.

4.1.3 Advanced Field Artillery System

The Advanced Fidd Artillery Sysem (AFAS) ATD comprises two subsystems: (1)
an automated ammunition subsystem and (2) the armament subsystem. The automated
ammunition subsystem consists of the ammunition supply mechanism, projectile magazine,
and ammunition control hardware. The armament subsystem consists of the turret drive
and controller hardware, 52-caliber 155-mm Liquid Propellant Gun, and turret structure.
The mgor thrusts in AFAS program include the advanced fire control, extended range and
accuracy suite, automated ammunition handling, advanced propelant, and extended range
and high-rate-of-fire  armament,

The current focus of advanced technologies is on the following AFAS hardware:
Regeneration Liquid Propdlant Gun (RLPG) System
Automated Ammo Handling Sysem (AAHS)
Fire Control/Batlefild Management (FCBM)
Multi Option Fuze-Artillery (MOFA).

The Task Force suggests three areas of the AFAS ATD for potential 1PP
experiments. metal forming and coating, liquid propellant, and the platform electronics. All
of the areas involve criticdl manufacturing processes or have integration problems that
require basdining and the determination of cost impacts.
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Because the faster projectile generates intense heat and has a higher propellant
charge and increased rate of fire the gun tube and chamber will require plating. Cadmium
plating has been used in the past for this application. However, environmenta problems
asociated  with Cadmium  will  require new, dternative codt-effective approaches to be
devel oped.

The Liquid Propdlant (LP) is a new technique for atillery, and new facilities will
be required for its production. Hydroxyl Ammonium Nitrate (HAN), Tri-ethanol
Ammonium Nitrate (TEAN), and water are mixed together to produce the combustible
liquid propellant. The critical process parameters for the manufacturing of LP need
refinement to eiminate problems associated with operationa requirements. The chemica
processes associated with the manufacturing of LP present an excellent opportunity for
defining Cpi and using it as a maturity growth indicator.

The platform eectronics include a projectile tracking system and a muzzle velocity
management and prediction sysem. Both systems are in the early definition phase and will
use advanced electronics to meet their intended use (eg., millimeter wave technology and
neural networks). The Task Force felt that an IPP approach to problem solving and
defining critical processes would be of sgnificant benefit to the overal program.

4.1.4 Multi-Role Fighter Engine

A new ATD is suggested to define and demonstrate affordable technology
insertions into a derivative engine for an Air Force Multi-Role Fighter (MRF). The
objective isto demonstrate that the time, cost, and risk for a derivative engine can be
dgnificantly reduced by the appropriste use of modeling and simulation technology. The
synthetic battlefield would be used to define the benefits of dedth characteristics, speed,
range, maneuverability, etc. Engine system requirements, such as radar cross section,
inddled thrust, specific fuel consumption, and weight, will be generated. Desgn modes
will then be used to determine the nature and degree of the required technology insertions to
the present baseline production F-16 engine (e.g., ceramic thermal barrier coatings,
advanced super dloy turbine blade, and multi-hole laser drilled combustor liner). Process
models, factory models, and cost models for the technology insertions will then be
developed. A rik andyss of the latter models will determine the degree of vaidation
required. By using an advanced derivative of acurrent production engine, the detailed
design, manufacturing process, and factory models that need to be developed will be
limited to those related to the technology insartions. Through use of existing data for the
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remander of the engine, the entire feedback and feed-forward capabilities involving [PPD
will be demonstrated.

4.1.5 Integrated High Performance Turbine Engine Technology

The goa of the Integrated High Performance Turbine Engine Technology
(IHPTET) program is to double gas turbine propulson system capability by around the
turn of the century for a wide range of arcraft and missle gpplications, including al DOD
needs. The program is in three time-phased steps, so that technology will be avalable for
near-term  system needs. Accomplishments will lead to durable high performance (i.e,
high output and weight, low fuel consumption) engines, capable of built-in stedth. The
program will have a great effect on both military arcraft superiority and commercia arcraft
competitiveness. The approach to achieving these goals is to develop lightweight
components and structures, and improved aerothermodynamic design, with particular
emphasis on heat transfer in order to achieve the higher maximum and combustion-
initiation  temperatures  required.

Program direction for IHPTET is effected by the DOD/NASA IHPTET Steering
Committee with representatives from ODDR&E, the Services, DARPA, and NASA.
Representatives of the U.S. arcraft gas turbine industry are invited to atend open sessions
of committee meetings. The IHPTET Steering Committee, with inputs from industry,
reviews program progress and directs corrective actions in the event that progress lags in
specific technology aress.

Progress toward achieving the established goals of the program has been excdllent.
However, 2 years ago, the Steering committee identified two specific technology aress that
needed further emphasis. titanium-based metal matrix composites for compressor
components needed for the Phase || goals, and ceramic matrix composites for turbine
components needed for Phase Il goas. Accordingly, increased efforts in the development
of these materids, including addressng the basic producibility and manufacturability of
certain components, are being conducted. The IHPTET program does not include efforts
devoted to high-yield process development, however. This is a matter of concern because
no manufacturing technology program exists to provide a naturd follow-on to S&T efforts.

The Task Force recommends that manufacturing technology programs focused on
titanium-based metal matrix composites and ceramic  matrix composites be  established
within the context of the overal IHPTET program. The purpose of these programs would
be to provide funding to determine the criticl manufacturing processes associated with the
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components fabricated from these materias. In addition, specific process capability indices
should be modeled or measured to determine growth maturity.

4.2 DEMONSTRATION OF DUAL-USE-MANUFACTURING
CAPABILITIES

Three primary experiments are proposed to promote and understand dud-use-
manufacturing.

421 Advanced Electronics

The Advanced Electronics experiment will identify ether, or both, GaAs devices
(military and commercid) or multi-chip modules (military and commercid) and produce
them on the same production line. Substantid engineering must be invested to ensure that
the idiosyncrases of the device can be accommodated on a shared line. Further, a modified
cost accounting system will be needed to accurately trace each device's cost. The
expectation is that military devices will enjoy the lower overhead codts and higher yields
characterigtic of commercia products. Additional savings should occur due to the high
volumes of the combined runs.

4.2.2 Conventional Electronics

The Conventional Electronics experiment is designed to (1) characterize the
performance of commercial devicesin the military environment; (2) characterize the
performance of subassemblies built usng commercid practices in a Smulated military
environment; and (3) quantify the benefits gained using commercial design rules and
manufacturing processes in a major electronic subassembly. Following design and
manufacture, the subassembly would be tested in the full military environment to ascertan
performance  limitations.

4.2.3 Shipbuilding

The Shipbuilding experiment is to implant best commercia practices, currently
represented by a German firm, into U.S. shipbuilding. The essence of the practice is to
design and build modular, common, maor components that can be constructed in a shore
production facility instead of being hand-fitted on afloating ship. Three modules are
proposed: (1) a reverse osmosis ditilling plant; (2) a sanitary unit; and (3) a ventilation fan
room. These modules can be inserted easily into a floating hull, and should provide
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substantid  cost savings from a manufacturing and a procurement standpoint. Additionaly,
replacement and modernization can be accomplished with enormous time savings. Modem
design techniques, such as the use of CAD, will dso be introduced.

4.3 DEMONSTRATION OF THE SUPPORTING TECHNOLOGY BASE
AND INFRASTRUCTURE

Demondtrations in this area will focus on providing connectivity for the Science and
Technology (S&T) Thrusts 1 through 5. Demonstrations in infrastructure will focus on
two mgjor areas. (1) Information Infrastructure and (2) Design Integration. The first
applies to advanced technologies and techniques in the design and implementation of new
integrated capabilities for information systems and the second concentrates on  gpplying
advanced methods and techniques to the integration of existing information and systems.
The demongration will provide for a common interface between the S&T Thrust Aress to
tie together, improve, and transfer data and information concerning cost, schedule, and
other technica information. It is felt that these infrastructure improvements would assst in
the generation of prototypes, provide for the modeling of requirements and reduce
redundancy in development efforts across the Thrust Aress.
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DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING

WASHINGTON, DC 20301-3010

25 JUN 1992

MEMCRANDUM  FCR - GHAl RVAN DEFENSE SO ENCE  BOARD

SUBJECT:  Terms of Reference - Defense Science Board (DSB) Task
Force on Engineering in the Manufacturing Process

| request you initiate a DSB Sunmer Study Task Force to identify
new and innovative nmanufacturing nmethods that ~can meet  Depart ment
Defense's (DOD) future needs for rapid transition to production on of
demand, and economc |ow volume manufacturing.

The point of departure for this study should be the Deput
Secretary of Defense's nenorandum of Decenber 19, 1991, on "Defense
Science and Technol ogy (S&TI%" and subsequent Director, Defense
Research and Engineering (DDR&)  S&T strategies which set the initial
course toward meeting these future needs. The study should focus on
technologies, methods, and a technical framework for _integrated
roduct and process development and nanufacturing of DOD  products.
he Task Force should develop recomendations, and provide an
assessment of the cost inplications, based on the followng
consi derati ons:

_ -~ Requirements for advanced sinulation visualization,
design of experiments and dynamc control technologies at |evels

ranging from detailed product and process design to overall

manufacturing enterprise control. Coordinatewi th the DSB, Task Force
on Sinmulation, Readiness and Prototyping in addressin the interface
between detailed engineeri nP sinmulations and higher T[evel simulations

in the synthetic battlefield.

, - Best approaches to reduce production and life cycle costs
considering use of concurrent engineering tools and environments, soft
and hard tooling, and flexible manufacturi 9.3 st ens. R commend
engineering criteria that can be used to validate that ehe proposed
systems are producible and operationally suitable.

_ M ninum denmonstration requirements for scalable
manufacturing processes in 6.2 and 6.3 prograns, and technical
criteria t0 assess progress in mnaturing these™ processes in 6.3B and
6.4 devel opment programs.  Consider industr practices and criteria
regarding the timng and investment nodels to 'nove from technology to
production of first article (e.g., design characteristics, |earning
curve, yield projections, and wunit production cost analysis).

. - Aignment of DOD s technol ogy plans w th best conmerci al
manufacturing trends and practices, including |ean and agile
production “visions. Distinguish, . {or key, .industrial . sectors, the .
technology areas where advances wil be “driven primarily by conmercial
investnent from those where DOD investment is needed to 'neet defense
needs on a tinely basis. Rank order technology investments and
engineering practices that wl| enable DD to take better advantage of
comrercial  manufacturing capabilities.
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The Task Force nmay define additional objectives for its
consi derati on beyond the summer study time frame. For any such follow
on obj ecti ves, ecific plans and Schedul es should be included in an
interimreport a t he conclusion of the sunmer study.

The Director, Defense Research and Engi neer| n and t he Assi stant
Secretary of Defense (Production and Logistics) co-sponsor this
study. Dr. Kent Bowen and M. Noel Longuenare vvnII serve as
co- chai r men. Dr. M chael M:Gath of the Defense Advanced Research
Projects. Agency will be the Executive Secretary and Col onel Elray
Wi tehouse, USA” will be the DSB Secretariat representative.

Vicéo: ‘H. Relis

A-2



Appendix B

MEMBERSHIP






Appendix B
MEMBERSHIP

Co-Chairmen

Dr. H. Kent Bowen
Harvard Business School

Mr. R. Nod Longuemare
VP, Westinghouse

Sub-Group Chairmen

Mr. G. Dean Clubb
VP, Texas Instruments

VP, Rockwell

Mr. Herm Reninga
International

Mr. James Kinnu
Consultant  (Northrop  Ret.)

Members

Mr. Edwin Biggers
VP, Hughes Aircraft Company

Mr. Robet Cattoi
SVP, Rockwel Internationd

LTG (Ret) Gus Cianciolo
SVP, Cypress Internationd

Dr. Allan Dugan
SVP, Xerox Corporation

Mr. Harold Edmondson
VP, Hewlett Packard (Ret)

Mr. Robert Fuhrman
Consultant  (Lockheed Ret.)

Mr. Bruce Gissng
VP, Boeing

Mr. Timothy Hannemann
TRW

Prof. Edward Haugi
The Universty of lowa

B-I

Dr. Robert Henderson
Dir, SC Research Authority

Mr. David Hill
SVP GM (Ret)

Mr. Sol Love _
Pres, BASLE Corporation

Mr. Richard Messinger
VP, Cincinnai-Millacron  (Ret.)
Mr. George Peterson
Conaultant  (USAF Ret.)

Dr. Cyril Pierce .
Mgr., GE Aircraft Engines

Mr. Howard Samuel
Pres., Industrid Dept., AFL-CIO

Dr. Joseph Shea
MIT (Raytheon Ret)

Mr. David Wolfe
VP, Motorola



Government Advisors

Dr. Charles Church Mr. Roger Koren
Army (SARDA) OASD(FR)

Dr. Gary Denman Mr. Philip Panzardla
Dir., DARPA Air Force (HQARMCIEN)
RADM James B. Greene, J. Mr. Walter Squire
Navy (OPNAV) OUSD(A)TILS

Dr. Willian Keder Mr. Nicholas Tordli
Air Force (Wright Labs) DASD(PR)

Executive Secretary
Dr. Michad McGrah

DARPA/SISTO
Staff

Mr. AJ. Beauregard Dr. Karen J. Richter
Lockheed ASC Inditute for Defense Anayses
Mr. Harold Bertrand Mr. Russdl Shorey
Indtitute for Defense Anayses Consultant
Mr. Dondd Carter Dr. Robert Winner
Rockwell  International Ingtitute for Defense Anayses

B-2



Appendix C

GLOSSARY



AAHS
AFAS
APL
ATC
ATD
BOM
CADICAE
CALS
CAV
CDRL
Cp

Cok
CSS
DAB
DARPA
DDR&E
DEMNAL
DOD
DSB
DSMC
DepSecDef
EMD
FCBM
GaAs
GEU
GPS
HBT
HEMT
HM&E
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Automatic  Ammunition  Handling System
Advanced Fed Artilley System

Approved Pats List

Affordability Through ~ Commondlity
Advanced Technology Demondtration

Bill of Materid

Computer  Aided Design/Computer  Aided  Engineering
Computer-Aided Acquistion and Logistics Support
Composte Armored Vehicle

Contact Delivery Requirement Ligt

Process Capability Index

Process Performance Index

Center for Strategic and Internationd Studies
Defense  Acquistion Board

Defense Advanced Research Projects Agency
Director of Defense Research and Engineering
Demongration/Vaidation

Department of Defense

Defense Science Board

Defense Systems Management  College
Deputy Secretary of Defense

Engineering and Manufacturing  Development
Fire Control/Batlefield Management
Gdlium  Arsenide

Guidance Electronics  Unit

Globd Postioning Sadlite

Heterojunction Bipolar  Transstors

High Electron Mobility Transistors

Hull, Mechanicd and Electricd
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LCV
LRIP
MS&T
MCM
MESFET
MIL-SPEC
MIL-STD
MMIC
MODAR
MOFA
MRF
MTBF
MTBR
NAV SEA
OEIC
OEM
OT&E
P&L
R&D
RLPG
RO

ROA
KT
SCN

SEl
SIMNET
SPC

TOR

Hediing, Ventilation, and Air Conditioning
Integrated  Circuit

Ingtitute for Defense Analyses

Inspector  Generd

Integrated Product Development Team
Integrated Product and Process Development
Justin Time

Light Contingency Vehicle

Low Rate Initid Production
Manufacturing Science and Technology
Multi-Chip Module
Meta-Semiconductor Feld Effect Transistors
Militay ~ Specification

Militay Standard

Millimeter-Microwave  Integrated ~ Circuit
Modular Radar

Multi Option Fuse-Military

Multi-Role  Fighter
Mean-time-between-failure
Mean-time-between-repair

Navd Sea Systems Command

Optical Electronic Integrated Circuit
Off-Highway Equipment Manufacture
Operationd Test and Evaduation
Production and Logistics

Research and Development
Regeneration  Liquid Propdlant Gun
Reverse  Osmos's

Return on assets

Science and Technology

Ship  Congtruction, Navy

Software Evauation Ingtitute
Simulation  Network

Statistical  Process  Control

Terms of Reference
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Appendix D
HOW DID WE GET TO WHERE WE ARE

To better understand the manufacturing plight that the Department of Defense (DOD)
faces, we should first define the circumstances that led to the Stuation as it now exids.

At the end of World War |1, the United States was the world’s only industrial
nation whose industry base survived intact. In fact, the U.S. industrial base that fed the
postwar demand for consumer and commercia goods was the same base that met our
wartime needs, ostensibly a 1920 to 1930s industrid base. In the rebuilding process, our
World War Il allies and enemies took advantage of the opportunity to modernize their
replacement facilities and manufacturing processes, frequently with the assstance of U.S
industry. U.S. industry, on the other hand, was too busy filling peacetime demands for
both domestic and export use to take the time to modernize. As worldwide markets
stabilized and former allies and enemies became competitors of U.S. industry, U.S.
industry tried to remain competitive by sdlectively modernizing some industrid sectors and
going to foreign suppliers for others, first to take advantage of lower labor rates and,
finally, because off-shore sourcing had put domestic sources out of business.

Building upon procedures established during World War 1l to discourage fraud,
waste, poor quality, price manipulation and gouging, and interna theft, DOD continued to
buy equipment and systems through a product design, development, and acquisition
process that became more and more involved in the day-to-day business of its suppliers.
Taking the form of reviews, checks, testing, detailed accounting, and technical and
contractua  audits, this involvement became so pervasve that industry found it easer to
isolate military product development and manufacturing than to try to co-mingle the
development and manufacturing of military and commercia products in the same facility.

As DOD continued to buy massive quantities to replace supplies lost during the war,
as wel as supplies for the Korean War, Vietnam, Cold War contingencies, and foreign
military sales, industry found little need to encourage the combining of military and
commercia product development and manufacturing. The profit earned on military
contracts, athough a small percentage of sales, was for the most part guaranteed.
However, by the time a military system was fielded, its technology was behind that of the
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commercid indudtrial world. Changes, modifications, and updates to the systems followed
the same procedures that caused the technology lags in the first place. The net result was
that the cost of military systems increased faster than commercia products, even with
increasing military procurements. The practice of retaning military systems for upwards of
30 years compounded the technology age issue and the associated increased costs. Today,
in an eraof military downsizing and reduce acquisitions, the DOD market is not large
enough to sudtain a large, unique, industrid base.

Following are some of the steps that DOD has taken to exercise control over the
acquigition  process.
Adding milestones-and therefore delays-to the DSARC process and its
SUCCESSOrS.

Establishing the requirements “ pyramid” which grows stated requirements
from a few top-level ones when a system is conceived to thousands when it
goes out for a competitive bid.

Adding Military Specifications (MIL-SPECS) and Military Standards
(MIL-STDs) tied to the thousands of requirements to ensure quality control and
contractor contractua  compliance.

Promulgating laws designed to enforce accountability.

Giving the accountants and the contracting officers precedence over the
engineers and production experts in designing and acquiring defense
sysemsresulting in the loss of control over innovation and responsiveness

to new technologicad advances (not an issue of who should “be involved” but
who should “be in charge”).

So here we are! There have been exceptions to the rule. Industries supporting
defense from the late thirties through World War 11 were modeled on methods of mass
production. Hardgood items, including weapon systems, were made through a series of
seps, each disconnected from the next. For a select few times, however, the idea of an
integrated product and process design was applied. The Lockheed Skunk Works is a good
exanple. A closeknit team of desgn and process engineers, production personnel, and
users, al colocated and working together, led to spectacular technica success on time and
within budget. But again, this was an exception.

What can be done today to undo where we are? In broad terms, DOD’s
involvement in the management of systems acquisitions hasled to its complexity and
inefficiency. DOD should try to backtrack through the system to undo some of the
sdf-inflicted damaege. It should:
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Free up the design and production system to be able to make its own decision
about how to meet DOD's needs.

Greatly reduce the importance of the MIL-SPEC and MIL-STD system.
Gradualy work out of it. Leave it to the producers to decide how to produce.

Return to the 3 basic decison milestones Do we need the sysem? Are the
technologies mature enough to be considered for production? Are the product
design and manufacturing processes ready for production?

While this lig is by no means exhaudtive, accomplishing these recommendations
would go a long way toward undoing those things that brought the defense indudtrial base
to where it is today. Given the freedom to act in its own best business interest, it will then
be up to industry to incorporate those changes needed to remain competitive in light of the
shrinking defense  budget.
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Appendix E
SOME PROCESS CAPABILITY INDICES

When a process is in statistica control (i.e, with no drift or sudden changes) and a
measure of the product from that process follows a Norma probability distribution, then
various metrics can be used to determine the capability of that process to yield products
conforming to prescribed  specification limits.  These metrics thus relate the process
parameters, sgma and mu, to the engineering specifications. Sigma, o, isthe standard
deviation of the process under a dtate of satistica control, and 60 is the measure of the
process pread or varidion-caled the natura tolerance in the qudity literature. Mu, p, is
the process mean. The nomina specification, or target value, is generdly the centerline
between the upper and lower specification limits, USL and LSL. When these limits are set
a £ 3 ¢, the process output is normaly distributed, and the process mean is centered on the
nomina specification, 99.73 percent of production is expected to be conforming (Figure
E.l). In practice, USL and LSL can be defined to be independent of ¢ when the
specification limits have some inherent physicd basis (eg., the diameters of drilled holes in
printed circuit boards may be required to be within a range of, say, 60 to 62 mils,
independent of the process &). Two metrics are used to determine the ratio of the tolerance
limit (USL-LSL) to the process capability (66) and to determine the relative distance of the
process mean, W, from the target veue-G, and G, respectively. For the situation
shown in Figure E. 1, both these metrics have a vaue of 1.0.

Process Mean, |

99.73% Yield

Nominal Specification
LSL orTarget  Value uUsL

Target Value - 3 ¢ Target Value + 3 ©

Figure E.1. Planned Process Output
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C, relates the dlowable process spread (part tolerance) to the actual process spread
(naturad tolerance, 60), but does not take into account where the process is centered. It is
cdculaed as follows:

P~ 60
Cpk uses the process mean, so it addresses the “centering” of the process. It is
cdculaed as follows:

. USL-p p-LSL
‘=™ T30 7 36

The preceding equations for G, and Cyy are expressed in terms of the true unknown
process parameters W, the mean, and sigma (o), the standard deviation. In practice, G, and

Co Must be estimated from observed process outcome data, a procedure which necessarily
involves the estimation of both W and ¢. The corresponding sample estimates based on n

observed values, X, X, ... X, ae X and s, respectively. 1

The sample average, X, is the sum of the observed vaues divided by n:
z( ) +X ) +*-+X )
- n

X
It is an estimate of the process mean .

The standard deviation can be estimated as

_.2
fz(x-—X)
s=\—hT —

or expressed in a form more convenient for computation purposes.

1 x2-[@ x;)%m|
5= n-l

where X in both formulas means the sum of a vaue fromi =1toi = n.

Sample caculations for C, and Gy are shown in Figure E.2

1 Each Xj,i=1,2,.., n,can represent an actual process outcome or be the mean of a small group of
outcomes observed in sequence (e.g., following a pattern of averaging 5 consecutive outcomes,
eliminating the next 1 or 2 outcomes from the analysis, averaging the next 5, etc.). In this way, the
underlying assumption of mutually, statistically independent Xj's is more tenable. Correlations
between successive Xj “observations’ are reduced by systematic skipping of process outcome values.
When the individual subgroups exhibit drastically different behaviors, e.g., highly variable averages,
modified procedures  are required to edimate the overall pand ¢ parameters.
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LSL

uSsL = 28.0 mm
Target = 26.0 mm
Process mean = 27.0 mm

Process std dev = 0.50 mm

Mean

Process

Target
1

24.0 258
I-'-—Prooess Spread (] c)-Iv—-——I
Spec Spread =———————————————l—

LSL

cp = 28.0 - 24.0 = 133 C K = 1270 - 28.01 = 0.67
6 (0.60) 3 (0.60)

Figure E.2. Example Calculations of Cpand Cpk

If the G, value is less than 1.0, the process is said to be “not capable.” The
minimum vaue of 1.0 to indicate process capability was chosen as a benchmark to relate
this index to the standard 66 spread indicated on quaity control charts. A minimum vaue
of 1.33, however, is generdly chosen as a better indicator for preventing nonconforming
product, because it alows for more variation in the process. The C, vaue done does not
take into account the fact that the process may be “off-center” from the nominal

secification.  Figure E.3 iIIustrat&an value of 1.0, but aCpy of only 0.67. Both G
and Cpk need to be a least 1.0 for the process to be labeled “capeble.”
= 1.0
o |
c = 0.67 — 10 |E—
pk
Nonconforming
Product
Target
LSL . V&;ii USL
Target Value - 3¢ Target Value + 30

Figure E.3. Process

“Not Capable”
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Various methods can be used to improve process capability-some relating to the
desgn of the product, others to improving the manufacturing process itself. Design for
manufacturability shifts the target value to the process mean. Robust design is a
methodology that assumes wide tolerances for the “noise” factors and gets the mean
function on target to minimize the effects of variation in the process. Improving the
process shifts the process mean to the target. Figure E4 illustrates a capable process with
robustness built in.

C = 7.67
1o [E— Ci,k = 1.33
— ' —3 s—>
Robust : Robust
|
|
I
Target value » 46 | Target Aue T 26
LSL Target usL
Vdue
Target Value « 5¢ Target Value + 5¢

Figure E.4. Robust Design

Whatever particular capability indices may be contemplated for tracking process
improvement, the question naturdly arises as to how large of a sample of process output
will be needed. Severd approaches for determining sample Sze requirements are possible.
In the context of dstatiticd hypothesis testing, eg., for choosng between two competing
hypotheses of “capable process’ or “not capable process” one can draw upon standard
procedures associated with Norma distribution theory. Kane, for indtance, derives sample
size relationships for hypothesis tests based on the G, index.2 Similar types of
computations can be undertaken for determining sample size requirements for the
andogous hypothesis tests based on the Cp index.

2 Victor E. Kane, “Process Capabiity Indices,” Journal  of Quality Technology, Vol. 18, No. 1, January
1986, pp. 41-52. Required sample size is a function of specified consumer and producer risks
(accepting a process as “capable” when it is in fact “not capable,” and declaring a process to be “not
capable*’ when in actuality it is* capable,” respectively.
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Alternatively, datistical confidence or tolerance interval approaches can be used to
specify  required sample sizes. A confidence interval is computed from the data and
indicates the uncertainty in an estimate of a capability index, say of the true Cy or Cy. It
encloses the true value with a specified high probability value-larger intervals
corresponding  to  higher probabilities. A tolerance intervd has a Smilar  interpretation,
except that it covers, with a prescribed high probability, some specified proportion of dl
future process outputs (assuming no drift or change in the underlying population). For
both types of intervas, tradeoffs can be established between required sizes and prescribed
interval lengths and confidences or probabilities. Kane illudrates the procedure for the
estimation of G, with certainty expressed via tolerance intervals.3 Similar types of
computations can be undertaken for Grbesed confidence intervals and for Cy-based
confidence or tolerance intervals.

Dueto theintrinsically high variability of the G, and Cy estimators, however,
relatively large sample sizes are generally required for any of the approaches outlined
above4 Edimates based on smal samples are potentidly mideading.  Unfortunately, the
extent of avalable sample szes from a dabilized process in the S&T phase is often quite
limited. One potentidly promisng datigticd set of techniques that may have utility in this
context is the application of Bayesian methodologies. In this framework, statistical
edimation and hypothess testing incorporate additiond information beyond solely the
observed outcomes. These can include, for example, expert opinion derived from
subjective assessments or experience from comparable product, as well as particular data
vaues observed in previous testing of the subject process or related processes.

Bayesian methodologies have been developed for the spectrum of statistical
problems and their application is now widespread (dthough not universdly accepted)®
Singpurwalla has recently proposed that the Bayesian perspective provides a rational
framework for unifying the many aspects of quality engineering and tolerance design.6 All
of the capability index edtimation, interva, and hypothesis testing procedures dluded to
above can be addressed with Bayesan methodologies. Sample Size requirements can dso

3 g
ibid.
4 ibid; Bet H. Gunter, “The Use and Abuse of Cpk Parts 1-4, Quality Progress, March-June, 1989.

J. 0. Berger, Satistical DecisonTheoryand Bayesan Analyss, 2nd. ed, New York Springer-Verlag,
1985; Hary F. Martz and Ray A. Waller, Bayesan Reliability Analysis, New York: John Wiley and
Sons,  1982.

6 Nozer D. Singpurwalla, “A Bayesian Perspective on Taguchi Approach to Quality Engineering and
Tolerance Design,” 1IE  Transactions, Nov. 1992, pp. 18-27 (with discussion and response, pp. 28-32).
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be determined. Lindley and Singpurwdla have addressed a related acceptance sampling
problem via Bayesian techniques.” (A direct correspondence is posshble between their
“accept” and “reglect sample’ hypothesis and hypotheses stated in terms of “ satisfy” or
“don't satisfy” S&T exit criteria)

The extent to which a Bayesian framework reduces sample size requirements from
those obtained via more classical approaches depends primarily on the perceived
definitiveness of the prior information to be subsequently weighted by observed process
outcomes. Stronger belief in the vdidity of the assumed prior information leads to smaler
sample size requirements. The accuracy of the resultant capability index estimates,
intervals, and hypothesis tests, however, is clearly dependent on how accurate the prior
information is. That is, lacking extensve observed process data, accurate dtatistical results
can only be obtained if the assumed prior information is reasonably consistent with the
actual true parameters. Sengtivity analyses can and should be undertaken before data are
collected to assess the potentid relative influences of the prior information and the expected
data.

The Bayesan paadign can dso be naurdly extended to encompass sequentid
sampling drategies in which process outcome data continue to be collected until satisfaction
of a prescribed exit criterion is first attained (or until some prespecified maximum number
of samples is observed). 8 Such an approach has been endorsed previoudy for reiability
demonstration and may offer, at least in theory, the most dramatic means of reducing
sample Sze requirements,

7 Dennis V. Lindley and Nozer D. Singpurwalla, “On the Evidence Needed to Reach Agreed Action
Between Adversaries, with Application to Acceptance Sampling,” Journal ofthe American Statistical
Association, Vol. 80, No. 416, Dec. 1991, pp. 933-937.

8  Sequential sampling techniques can also be introduced in the context of classical, i.e. non-Bayesian,
statistics. See, for example, “How to Use Sequential Statistical Methods,” Thomas P. McWilliams,
The ASQC Basic References in Quality Control Statistical Techniques, Vol. 13, ASQC, Milwaukeeg,
WI, 1989.
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BEST PRACTICES FOR INTEGRATED PRODUCT
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Appendix F
BEST PRACTICES FOR INTEGRATED PRODUCT AND
PROCESS DEVELOPMENT

INTRODUCTION AND SUMMARY

This report provides an overview, by example, of best practices for integrating
product and process activities in the U.S. industrid manufacturing base. The systematic
approach to congdering the inteface and coordination of al facets of product design,
process development, manufacture, in-fild support, and eventua disposa is  commonly
referred to as concurrent, or simultaneous, engineering. An early and thorough
examination of the subject is found in The Role of Concurrent Engineering in Weapons
SytemAcquisition, 1 a 1988 study for the Depatment of Defense (DOD). Best practices
for integrating the product and process activities in the civilian manufacturing sector are
believed to be applicable to desgn and manufacturing operations associated with products
supporting the missions of the DOD. Accordingly, the best practices discussed in this
appendix are based on domestically manufactured products for civilian and military
applications,

In this appendix best practice is distinguished from typicad practice because (1) the
practice has been identified as a mgor contributor to the success of particularly noteworthy
projects or products, and (2) it deviates from the customary manner (company and
industry) used to accomplish similar objectives. These best practices for product and
process integration include formal procedures, techniques, and technologies whose
objectives are to-

(1) Identify component, subsystem, system, and process interactions,
dependencies, and constraints.

(2) Articulae and increase vishility of downstream congtraints to the upstream
product realization activities.

1 Robert I. Winner, James P. Penndll, Harold E. Bertrand, and Marko M. G. Susaczuk, The Role of
Concurrent  Engineering in - Weeapons  System  Acqusiition, IDA  Report R-338, Alexandria, VA,
December  1988.
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(3) Convey upstream constraints, goals, information, and data to downstream
activities and efforts needed to complete the product redization process.

(4) Shorten the product realization process cycle time, increase quaity, and reduce
costs.

Although organizational efforts crucial to product and process integration are
recognized as important to the success of these best practices, the examples focus primarily
on the technologies that contribute to linking activities throughout the product redlization
process. The most significant such technologies detailed in this appendix are:

(1) Rapid prototype development. A collection of technologies and

mehodologies thet aede a physcd o mechanicd pratotype diredly from the
CAD data model. No model builders or drawings are used. Engineers use

rapid prototyping technologies to provide immediate audits of the product
design.

(2) Non-destructive testing. Simulation of product and material performance

characteristics prior to construction of complex physical prototypes for
dedructive teding.

(3) Discrete event simulation. A technique used to schedule production
cgpedity and rdesse of jobs into menufedturing fadlities

(4) Advanced CAD imaging systems. Systems used to replace prototype
condrudtion for quditdive evdudion of produdt chaadeidics rdding to
gperance (eg., highlight and refletance).

(5) Knowledge-based systems. Systems used to support rational
conddadion of complex tradeoffs among product pafomance gods desgn

dtenaives mdeids process condrants and finshed goods packeging ad
didribution.

APPROACH

Background

The DODdirected the Institute for Defense Analyses (IDA) to identify leading
implemented examples of produd and process inteydion and to colledt informetion about
the mehoddogies and techndlogy the compenies usad, the resuts dotaned, and the mgor
lessons leamed from thar integyrdion effats The companies suveyed ae predomingdy
large commaad fimms providing a vaidy of consumea and indudrid produdts



Objective
The intention of this quick-reaction study was to assess the dtate of product and
process integration practices and gain a sense of the level of performance and capability

exhibited by U.S. manufacturers. The study summarizes a series of interviews conducted
by telephone and draws conclusions based upon those interviews.

Scope

This study characterizes best practices for product and process integration by
focusing on noteworthy products, or projects, and identifying the technologies,
management approaches, and work organizing methodologies that supported the successful
completion of these efforts.

M ethodology

A limited literature survey was conducted to identify appropriate cases for inclusion
in the study and to provide a basis for gructuring the materids included here. The target
companies were sdlected on the basis of reports in the literature concerning development of
new products or processes, extremely rapid product introduction, revolutionary product
and process improvements, novel application of technologies, and implementation of new
organizational techniques for structuring work and tasks associated with design,
production, distribution, and marketing of new products. From the literature and
subsequent discussions with members of the manufacturing community, a subset of
companies were then identified for extended telephone interviews. The results of these
interviews are summarized in the following sections.

BEST PRACTICES INTERVIEWS

Telephone interviews with the companiesidentified in TableF.1 were initiated
during the period 7-24 July 1992. Although mogt of the products and projects in Table F.
had been identified by the interviewer as gppropriate subjects for discusson prior to the
actua telephone interviews, the participants were aso asked to discuss other products and
projects that they believed employed best practices for integrated product and process
development. The nature of the study provided time to collect sufficient information about
a subset of the products and projects in Table F.1 Those projects and products are
described in the following sections.
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Table F.l. Companies, Products, and Projects Targeted

Motorola
AT&T

Ford

Saturn
SEMATECH

John Fluke Instruments

Ingersoll-Rand
Chrysler

Boeing

Compaq

DEC

Honda

Bose

GE Appliances
CumminsEngine
Ingersoll Milling
Carier

Whirlpool
Generd Dynamics
Ingalls Shipbuilding
TRW

Johnson Controls
3M

Polaroid

GE Medicd

Intel

Xerox

Black & Decker
IBM

HP

Interlesf

Teledyne WaterPik

“Bandit” Pager Project

“Sefari” Laptop Computer
Crash and vehice smulation
Production and Design Teams
Process Simulation

Product Design Teams

Process Tooling

Automobile  Hood
CAD/TeamgVideo  Conferencing
ProLinea  product development
Production/process  integration
Production/process-stamping
Vendor and supplier integration
Production/process  integration
Simultaneous  Engineering  Teams
Systems  builder

Knowledge  engineering

World Washer project

Integrated product development
Discrete event  simulation
Concurrent  Engineering program and metrics
Rapid  prototyping

CAD integration

Product Integration (film and camera)
Magnetic Resonance Imaging
486 desgn and production

Smdl Copiers

Coffeemaker new product development
Low cost laser printers
Kittyhawk disk drive

Integrated  documentation
CAD/teams
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When questioned about best practices in product and process integration, most of
the survey participants used the term concurrent engineering in reference to the collection of
practices and actions they employed for the projects and new products mentioned. But
when queried for their definition of concurrent engineering and their expectations for its
application, a range of characteristics and objectives were forthcoming.

From those discussions the following list of goals for product and process
integration were developed. Note that the factors (best practices) identified are cross
cutting; that is, they can contribute to the accomplishment of severa objectives:

Reduce Ambiguity. Use common data model and globa standards.
Minimize number of suppliers. Use teams with broadened condtituency and
increase  opportunities for interaction.

Eliminate Delays (faster decisions). Collocate functional groups;
minimize data handling, conversion, generation, verification. Perform
activities in padld rather than sequentidly.

Eliminate Activities. Reduce mode building and prototype
congdruction. Use nondestructive testing and automatic data extraction for
downstream activities (e.g., work packets, routings). Eliminate paper
drawings. Minimize secondary processes (e.g., chrome plating or

painting).

Reduce Risks. Use simulation to minimize unknown risks and acquire
criticd information earlier in the product redization process. Use generic
products and components and modular design. Move environmenta risks
upstream where there are opportunities for greater control.

Reduce Costs. Use integrated product and process models and common
data model to support entire product life cycle. Consider material and
process dternatives, design for assembly and manufacture (reduce number
of components and materials). Benchmark to establish performance
metrics.

Increase Quality. Improve designs by examining tradeoffs among
aternative parameter values; lower the number of engineering change
requests during new model  Startup.

While most of the interviews concentrated on the technologica aspects of product
and process integration, all of the company personnel spoken with emphasized the
importance of organizational and cultural concerns for the successful adoption of best
practicess. To be effective, technology drategies must be congruent with organizationa
structures and practices. For instance, as part of one firm's efforts to increase the
effectiveness of its product and production process activities, it undertook the development
of a consolidated data base for the groups involved. The company did not, however,
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resolve responsibility for data base correctness, maintenance, and change. The result was
conflict among the participating functional departments, project cost overruns, and
sgnificant frustration with the integration process.

Whirlpool Corporation World Washer Project

During a 3-year period, a collocated multifunctiond team representing marketing,
product design, product engineering, process design, and quality assurance developed a
new international product for the Whirlpool Corporation called the “World Washer.”
During this period the team dso desgned, built, and commissoned factories in Brazil,
India, and Mexico. The World Washer was designed in a modular manner so that the
product could be customized localy for regiona market conditions. The development team
investigated most of the techniques proposed a the time for high quality, customer input,
and vendor and supplier participation; they adopted those appropriate: design for
manufacturability (DFM), Taguchi methods for designing experiments, quaity function
deployment (QFD), conjoint andysis, and extensve cross-cultura training.

Engineers from those countries where new production facilities were to be built
were moved to Michigan to participate directly in the design and engineering activities so
that they would be able to effectivly support the product and its production facilities.
Domestic engineers & the same Michigan design facility received relevant training for the
cultural issues they would encounter in the countries where they would be working and
with the foreign engineers representing those Whirlpool facilities,

Whenever possible, and subject to local conditions, no secondary production
processes were used: no chrome or porcelan was used and no molded or painted parts
were used when appropriate subgtitutes were available. For instance, in Brazil and India a
stainless steel basket is used while a porcelain-covered steel basket was designed for
Mexico. Although the cost of materids was sometimes higher, the capita invesment was
minimized and the opportunity for quality problems with intermediary processes was
reduced.

Wash cycles, temperature, and water use differ among regions and countries where
the product is manufectured and sold. Whirlpool engineers developed generic  controller
software with parameters that reflect country and market specific characteristics to
effectively support changes at the digtributed production facilities.



Whirlpool Mexican, Indian, and Brazilian production facilities for their World
Washer have no incoming inspection of purchased parts or materids, and dl incoming
materids flow directly to their point of use when received. Procured materids are received
a one dock, and raw materids arive a another dock. Most plants do not use fork trucks
for materid handling a the production ling, and the maority of materid movements ae
managed with simple kanban methods.2 The plant in Brazil bought their own fleet of
trucks to manage purchasing logistics. They provide locd “milk runs’ that make scheduled
pickups to assure just-intime (JT) delivery of vendor products. Production lot sizes are
limited to minimize finished goods inventory.

When it began the World Washer project, Whirlpool benchmarked its processes
extensively against the automotive industry, and followed the auto industry’s lead in
forming product development teams. Whirlpool aso adopted the Japanese technique of

“freezing” design specifications and not adding changes or enhancements until the next
modd release.

Production capacity for each of the new plants was based on market studies that
determined the amount of product they would be able to sell. The manufacturing facilities
were built to supply 150 percent of this market share. Because the production lines are
modular, the throughput of machines on exiging lines is not increased to gain additiond
production. When capacity increases are necessary, they will be accomplished by
duplicating the entire production line in pardld to the exiging line.

Technology used for product and facilities design was very basic: 2-D CAD
system, QFD, DFM, and some simulation work on plastic flow for analysis of large
molds.

Whirlpool's new manufacturing production systems are 10 times less complex than
previous facilities. Factories are designed for smplicity, market size, and capital
minimization. Many concepts are conddered very early in the product desgn phases
amount of product they can expect to sdl, facility layout, product modularity, and loca
requirements. Simplicity leads to less complexity to understand and manage and,
therefore, less desgn smulation for production facilities is needed to be confident of
capacity and throughput.

2 "Kanban" is the name for a specific Japenese inventory replenishment system developed by Toyota.
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Ford Motor Company Automotive Design

Vehicle Crash Simulation

Ford has used computer smulation to significantly reduce the amount of physica
crash test required to meet government regulations and the time required to accomplish
certification tasks. Simulation efforts include occupant restraint, roof-crush, front- and
rear-impact, offset car-to-car, and some side impact. Ford also believes that it has
developed a good corrdlation between smulation models of vehicle rollover and physica
tests.

The application of smulation models to the design process now precedes even the
construction of parametric “work horse” prototypes-physical models that are used to
provide crash data on very rough-cut vehicle body designs. With smulation, the amount
of physical test for front barier crash has been reduced by about one-haf, but changes in
regulations continue to require new work

Ford noted that while it is difficult to estimate savings in terms of direct investment,
the reduction in time to obtan results from early desgn efforts and the opportunities to
increase the number of dternative designs is believed to have been dgnificant. Although
the development of parameterized models is dow, such models are infinitely reusable. The
ratio of time for prototype-build to that for computer-build is about 15:1. Changes in sheet
metd take about 15 to 20 times longer than equivaent changes in smulation models. The
Ford simulation group has also begun to recognize the importance of maintaining the
currency of models rather than discarding older product models. Most products are
derivatives, so there are benefits to be gained from upgrading smulaion models developed
for the previous year's vehicles.

Virtual Reality (Synthetic Environments)

Aswould be expected, Ford’' s experimentation with virtual reality has focused
primarily on its application to visudization of automobile interiors and exteriors. Ford
does, however, expect to apply these advanced simulation techniques to its manufacturing
environments (such as assembly sequencing) and hopes to minimize the number of
engineering changes in the later phases of product introduction.
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Rapid Prototyping (Free Form Fabrication)

The development of solid modd CAD sysems provides better visudization of the
design, but the increased costs associated with solid modeling has been difficult to justify
until the availability of “desk top manufacturing” systems for rapid prototyping of
component designs. The integrated model is used to generate the information needed for
finite dement andyss (FEA) and kinetics, mass properties, and center-of-gravity analyses,
and it will be needed to participate in virtual reality scenarios. The adoption of rapid
prototyping technol ogies has reduced by 50 to 80 percent the time involved in getting
prototype parts. By generating the parts on the “desk top” directly from the CAD data
model, the “time to pat” can be significantly less than that required for cutting a purchase
order for the prototype to be manufactured in the usual manner (i.e., model shop). An
additiona benefit is a direct cost savings because mode builders are not involved in the
congruction of the prototype. In fact, this was cited as one of the most significant issues
concerning reformulation of task and respongbility that engineering must undergo: a mentd
change required on the pat of engineering as the free form fabrication (FFF) becomes the
auditor and printer for the design world to determine whether the design is functionaly
correct. Interpretation of a design by model builders takes time, is error prone, and
generdly requires multiple cycles to accomplish correctly. For ingtance, when a throttle
body design was sent to a prototype shop for construction of aphysical model, it took
more than a month to clean up the design-model despite the assurance by the mode builder
that his conversion from 2-D drawingsto 3-D part was correct. Free form fabrication
means tha the detaller or checker is not needed. The design engineer accomplishes the
checking function by generating a prototype component and thus immediately determines
design veracity.

One example of rapid product development a Ford was a new automobile engine
crankshaft. Changes were made to the condraint parameters of the engine data modd. A
prototype crankshaft was quickly generated with a FFF system and checked for
dimensiona accuracy. This prototype was then used to creste sandcast molds; iron was
poured; the castings were X-rayed and then machined. The crankshaft was placed in a
motor and tested-2 days had elapsed from the time the design was undertaken on the
computer until a new crankshaft was installed and tested in an engine. No drawings were
generated and no pattern-makers were involved in the prototype process.
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Parametric Linkage of Product Design Models

A subgtantid number of the subsystems and component designs in the automotive
industry are variants of previous efforts. Ford (as well as many other manufacturers) is
increasing its investment in design models, concentrating particular effort on parameterizing
designs and using the CAD systems to logically link components via computer data
models. These logical links between product components support automatic changes
throughout the related system of elements. As engineers or designers make changes to one
component, the appropriate accompanying changes are made to al coupled components,
and the designs and specifications for the necessary tools and fixtures are generated
automatically.

For instance, the designs for appropriate dunnage (the materid handling fixtures
such as hangers) are changed automatically when kinematic modifications are made to an
associated engine component. When these designs are not linked in the CAD data modd,
engineering change requests (ECRs) are the means of eventualy synchronizing fixtures and
product.

Ingalls Shipbuilding

Ingdls builds surface ships in a 600-acre production facility. The company follows
an assembly-line methodology that joins plates to create assemblies, combines assemblies
into modules, and then connects the modules to create a ship. Subsequently, the ship is
floated and remaining fitting-out accomplished. Ingdls has begun to use discrete event
amulaion to efficiently schedule the release of jobs in the production facility and to alocate
machines, equipment, and skilled personnel for the multi-year shipbuilding efforts.

Scheduling and Encumbering Resour ces via Simulation

Ingdls has developed generic shipbuilding discrete event Smulation models to
determine monthly resource requirements for the entire production facility. Each month,
work orders for the next 5 years of production (200,000 line items) are extracted from a
manframe data base and downloaded to a persond computer simulation data base in the
production scheduling department. The simulaion models determine the skills hiring and
machining resource requirements for the facility in the next period. Each shop is a codt
center with certain levels of productive capacity and associated manpower requirements.
The smulation modd currently schedules for [-month increments (20 working days) using
various constraints defined by the customer as well as the facility. Schedules are
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regenerated each month because priorities often change from month to month among
customer  orders.

Because of the complexity, variability, and contingency among its many jobs,
Ingdls has to use simulation instead of simply adopting a simple fixed scheduling
methodology. Besides coordinating and planning for skilled labor and machine-based
resources, Ingalls must aso be able to consder the effect of strikes, decreased contract
funding, and contract acceleration on the production schedule.

Models function at the facility level, but Ingalls has also developed low-level
models to represent individual shops, machines, and equipment. Eventually these shop
models will generate the inputs for the aggregate model of the facility.

CAD Data Model Interference Checking and Supporting Numerical
Control (NC) Tools

Extracting all working papers from the CAD data model is new at Ingdls. The
current SA’AR 5 Corvette Program is the first mgor warship congruction by Ingdls to be
accomplished usng a 3-D, interference checked, computer-based design.

A primary consideration in modular design and construction is resolution of
interference among subsystems and components. The manner in which the ship is
assembled is meant to minimize the amount of work that must be performed once the ship
is“floated.” Obviously then, major construction delays and material cost overruns can
result from improper vaidation of fit among subsystems prior to scheduling their assembly
in the ship yard. The CAD data models are dso used to generate the data stream needed to
drive NC plasma arc cutters to maximize number of pieces from plate and minimize scrap.
The pipe shop uses NC pipe benders driven from the CAD data modd to bend and cut to
length pipes up to 16 inches in diameter. Design engineers currently use wireframe
shading software to creste visudlization assstance and define indtallation sequences and
follow-on support of didributive systems. Virtual reality would support the process
planner in defining “kits’ that would alow more work to be accomplished in the shops
rather than “on the ship” to take advantage of the additional room and support facilities.

A need identified by Ingdls design engineers concerns establishing constraints
within the CAD data model that would be maintained for downstream processes, e.g.,
defining pipe Sze, materid properties, and load requirements at the design stage that cannot
be arbitrarily changed by production personned when the product enters the manufacturing
Process.
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One of the most ggnificant benefits of usng a full CAD data model to desgn and
congtruct vessdls is the support provided for the complete life cycle of the ship over its 20-
to 30-year career. The CAD data model contains a comprehensve data base of component
objects used in the condruction of the vessdl (vaves, gas turbine engines, decks, lights)
and the criteria for supporting the maintenance of the ship (component source, value
congraints, location), an eectronic record of changes made to the origina design, and an
up-to-date 3-D CAD model of the ship and its subsystems.

Measuring Increased Productivity

To gain a better understanding and quantitative measure of the efficiency and
contribution of a full 3-D CAD data modd, Ingdls compares the number of hills (work
indtructions) started and completed with the number of engineering change notices to fix
errors.  This is expected to support comparison across ships of various size. The
Company’s quaitative measure is based on the reactions of the various disciplines and
illed crafts in the shipyard. These groups are meeting their budgets and time schedules,
therefore, they are happy with the new system. Ingdls expects that there will be no
savings in design the first time through the product redlization cycle, but the second or third
time they expect to see benefits from the learning curve experienced. A smple example is
in the use of the CAD system. Originaly, users went to extremes in the level of detail-
trash cans (both open and closed) and coat hooks-incorporated in the CAD models.
Ingdls believes that its most significant savings will result from decreased time to assemble
the ships rather than radicaly decreased time to design ships.

Impediments to Adopting Best Practices

As is often noted, one of the higgest obstacles to adopting new technologies and
work methods is culturd resstance a dl levels of an organization. Ingdls found that to
effect the changes and technol ogies needed to achieve a more efficient and effective
organization, not only did its senior executives have to understand the importance of the
integrated CAD systems and be committed to their success, but aso the managers reporting
to them had to be motivated to make the system work

Problems encountered during the adoption of a CAD-based design sysem led to
false starts. One of the primary reasons that CAD technology met resistance was
involvement of the wrong personnel. The functional managers of each design and
production group that would be the primary users of the CAD system selected the wrong
individuals to participate in the initial operation of the system. In many instances, the
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employees selected were not able to contribute effectively because they were ether too
junior manageridly or they did not have the correct technicd expertise needed to make
appropriate  decisions.

In @ manner sSmilar to tha discovered to be effective for automotive design and
manufacture, Ingdls found it necessary to select one person to coordinate and lead
engineering, manufacturing, and planning activities, someone with political aswell as
technical savwy. Ingdls adso used pilot programs to introduce the enabling technology and
to provide a leaning experience for working through the kinks and problems that could
then be foreseen in larger application.

Chrysler

Automobile Hood-Stamping Project

After gyling approval for automobile sheet metd, the availability of prototype parts
usualy takes a minimum of 30 weeks. There are severa contributors to such an extended
lead time, but one primary reason is the difficulty encountered in trangtioning the stylists
design artifacts into rigorous product engineering and manufacturing form.

Stylists conventiondly cregte initid body panels manudly, modeling clay to get the
exact form they want. The clay models are followed by the construction of polished
hardwood prototypes that are used to check surface reflectance and highlights. The find
gep from design prototype to sneet metd parts is the development of the mathematical
representations of the panel surfaces by product engineers. These surface definitions are in
turn used to design the multicomponent dies used to samp and form the sheet metal body
parts and cut appropriate flanges for vehicle assembly.

This cycle of using clay, then wood, then soft metal dies may be performed severd
times before the prototype panels crested with these dies satisfy the design congraints of
the stylists and meet the congraints for manufacturing (e.g., no wrinkles in the meta). The
lead time from styling approval to prototype sheet metal parts typically was about 30
weeks.

In an effort to radicaly reduce this lead time, Chryder exploited a new rendering
software to directly generate a CAD data modd from the design created by the body stylists
using screen-based tools. The mathematical surface definitions were derived from the
resulting CAD data base and used to generate cutter paths for NC machine tools. The same
cutter paths were used to construct the clay models that were previously sculpted by hand
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a wel as the soft meta stamping dies for the production of several hundred prototype
Sheet metal parts.

Production engineering historicaly requires 4 or 5 iterations to develop cutter paths
that produced sheet metd surfaces duplicating the hand-sculpted clay models. But when
rendering software is used to create CAD-based models, the mathematical definitions of the
surfaces are available before the clay models are constructed. Chrysler found that the
quaity and fiddity of the reflectance and highlight software dlowed styling to “buy off" on
the milled clay surface and completely bypass development of the hardwood model.
Synchronizing styling design and production engineering was sgnificantly simplified and
the time to reach a find design understanding was notably shortened.

In addition to the direct production of clay models from a CAD data model,
computer flow models were used to evauate the die design parameters to assure correct
metd flow. Flanges for joining the sheet meta parts were computer generated and a laser
trimming technique was used to accurately cut flanges instead of additiona trim dies. High
speed NC milling machines were adso used to manufacture the soft meta dies.

The entire elgpsed time from gtylist signoff  until first prototype parts were in hand
was reduced from 30 weeks to just 109 hours. One engineer noted that the entire process
could have been accomplished in 3 days instead of 109 hours, except that someone shut
down one of the NC machines, and a thermal offset occurred when it was restarted.

LH Vehicle Platform

Chryder adopted a colocated, common CAD system, team approach for the
development of a new high-volume production vehicle platform. The company had
previoudy followed the historicd model of sequentiad, phesed development that required
acceptance by one functiona group before initiating work by the next. In the LH platform,
all elements of the organization participated in parallel: marketing, manufacturing,
production engineering, sdes, styling, and service. Chryder estimates that they used about
one-haf the number of people a pesk (750 vs. 1500) and needed 3.5 years instead of the
usud 5 years to develop a plaform and 3 models.
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Appendix G
COMMERCIALIZATION IN THE DEFENSE
ELECTRONICS INDUSTRY

THE CHALLENGE TO COMMERCIALIZE

A dege mentdity has been tling in on the Defense Industry ever since the fal of
the Iron Curtain. Maor changes have dready begun to occur with massive layoffs, maor
divedtitures, and mergers among the industry giants. One of the percelved bright spots in
these gloomy times has been the potentiad for the Defense Electronics Industry to unleash
its powerful engineering resources and vast array of glittering high technologies on a
technology-starved commercial market place. This potentid has unfortunately proven to be
very dusve.

There appear to be as many reasons for this apparently slow transition to the
commercid market place as there are opportunities to enter. Not the least of these has been
the “culture-shock” for those in defense industry who have ventured out of the structured
military procurement environment into the electronics bazaar of the real world. The
different business rules (or total lack of rules), the different vaues, criteria for success,
protocols, and even basic manners have al contributed to some monumental
misunderstandings between onetime defense contractors and commercid  customers.
Sometimes, it seemed easier to sdl a multi-hillion dollar ar defense sysem to a bankrupt
dictator from the Third World than to sell new policies to the City of Chicago.

After much pain, embarrassment, and failure, however, some members of the
Defense Electronics Industry have begun to adapt and are developing a new cadre of
commercid entrepreneurs that can effectively communicate with and sdl to the eclectic
collection of customers that congtitutes the commercid market. What has not so readily
changed has been the corporate engineering, manufacturing, and product support
organizations that must design, build, and repair these new products.

Past practices that had treated engineering, manufacturing, and product support as
only loosdly coupled disciplines have dready begun to change over a decade ago. Team

aoproaches and organizationa restructuring have begun to bresk down the traditiond wals
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between these different functions. However, many engineering organizations dtill believe
that initid product development is dill thelr exclusve redm and that manufacturing and
product support are functions to be a best tolerated. This atitude, a holdover from the
good old days of unfettered technology development on DOD cost plus contracts, is seldom
found within successful commercial electronic manufacturers.  Technology sedldom  has
intrinsic value in the commercial market place. Customers demand quality, value, and
savice. Customers amost never pay for development. Customers never buy cost plus.
This environment is compounded by awide array of ready and able competitors, many
being long-standing, trusted, commercia electronics suppliers with in-place sdes and
support networks and technology that is not that much behind the best in the defense
industry.

To survive in this environment, defense eectronics manufacturers must develop the
means to rapidly develop new products a their own expense with minimum investmen;
smoothly trangtion the product to production as orders maeridize; guarantee on-time
delivery of the product with high qudity and religbility from the very first units off the line
and provide prompt, high quality, affordable service with excellent warranties. Unless
they are choosing to exit the defense electronics business entirely, however, they must adso
continue to invest scarce R&D dollars in sustaining the military product technology base.
The technology and manufacturing base needs of the two market areas can often appear to
be in direct conflict, forcing management to make some very hard choices.

DUAL USE TECHNOLOGY: A STRATEGIC CHOICE

One dternative that has emerged in the last several years can simplify these
investment choices; it is the strategic selection of products and technologies that are
applicable to both military and commercia agpplications. These “dua-use’ technologies and
product bases capitdize on the high technology and superior performance advantages of
today's military systems but produce with commercid materid and production practices.
Where achieved, such as the Modular Radar (MODAR) family of radars described later, the
defense  dectronics manufacturer can maintain  core  competencies while entering  new
nontraditional markets. This market diversification will be essentia to survive the
worldwide decline in defense spending without turning away completely fromthe defense
busness. Additiondly, the manufacturer may well find new military markets for dua-use
technology as the armed forces try to squeeze more capability from their dwindling
resources.
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A KEY TO ADAPTING: THE INTEGRATED PRODUCT DEVELOPMENT
TEAM

All of the product development issues and elements described in the first section of
this appendix demand rapid reaction, excellent communication and a high degree of
teamwork. These aitributes are a the heart of the Integrated Product Development Team
(IPDT) approach. IPDTs are not a new concept in commercid industries. However, they
have had a wide range interpretations and levels of success. In general, IPDTs bring
together al of the functiond elements of the product development process (marketing,
desgn engineering, manufacturing, support) at the beginning rather than the traditiond
sequentia gpproach. Depending on the product complexity, a number of IPDTs would be
formed around mgor elements of the product family tree (Systems engineering, hardware
subassemblies, software, etc.) with the purpose of concurrently maturing the product
design, development, and manufacture. Each team’s charter is to apply atotal quality
process and to “do right things right the first time.” This process may be more difficult to
manage initidly than the segregated approaches of the past, but the benefits downstream in
the development process are very substantial.

A successfully implemented IPDT process will result in several measurable
benefits.

Reduced Cycle Time. The time required from product inception to
production deliveries can be dramatically reduced through concurrent processes
and improved internd communication.
Fewer Revisions. Fewer changes required as the product moves from
design through development to production.
Improved Reliability and Supportability. MTBF, MTBR, and other
metrics can be substantidly improved by earlier identification of falure modes

and critical parts as well as designing and developing repair and support
approaches up front.

Lower Development and Production Cost. All of the above factors as
well as the ability to focus al of the product development functions on cost.
Particularly improves cost trades between development, production, and
support alowing design-to-cost objectives be more readily met.

Thus, IPDTs can have a direct effect on those factors that improve a company’s or
an industry’s competitiveness in the marketplace-rapid response to market opportunities,
reduced investment in product development, and greater product vaue. The chalenge that
lies ahead is to dtructure and manage IPDTs to gain their full potentid.
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THE MODAR PRODUCT DEVELOPMENT: AN EXAMPLE

The Wedtinghouse Electronic Systems Group has been trangtioning to a better
baance in its commercid and military products over the last severd years. One sgnificant
product development opportunity that arose during this time serves as a good example for
developing a commercid product line from a military technology base. This development,
the Modular Radar (MODAR) program, was an excelent benchmark case to evduae the
benefits of IPDTs. MODAR was an excellent choice for this evaluation because it was an
entirdly new, interndly funded product based upon resident tools and technologies but
relying on no previously developed hardware or software. Intercepting the targeted
commercid market required a rapid development cycle with low development investment
that resulted in a new radar product with substantially reduced production costs and an
order of magnitude increase in reiability.

The MODAR family of radars is a new generation of X-band commercid pulse
doppler airborne radars targeted at commercia aviation and low-cost military aircraft
markets. The radars are based on a modular architecture that provides easy adaptability to a
wide range of gpplications. The initid product entry point was with a new ARINC 705
compaible pulse doppler weather radar with the ability to detect low dtitude windshear
with at least 30 seconds of advanced warning. This product drove the radar packaging
(~ 05 cubic feet, plus antenna), requiring pulse doppler detection performance as well as
over 2,500-hour serid MTBF. It dso had to be producible a a price competitive with
to&y's noncoherent pulse weather radars (< $100K).

The product development plan began with the specification, design, fabrication, and
tes of two prototype units with the ability to rapidly trangtion into production as sdes
opportunities emerged. The program was organized around a program manager and an
engineering manager with individua IPDTs for each module or maor family tree eement.
Each IPDT had a designated team leader responsible for all aspects (engineering,
manufacturing, reliability, supportability, schedule, cost, documentation) of the sub-
product development. Each IPDT was staffed by representatives from al program
supporting  disciplines. Some team members supported multiple IPDTs wherever possible.
Each IPDT team leader dong with key support staff aso formed a master IPDT that steered
the overdl product development.

The overdl objective of the organizationad dructure was to force ownership of the
entire product down to the lowest level in the program team and across all product
devdlopment  disciplines.  Additiondly, objectives associted  with  reliability, — availahility,
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maintainability, producibility, production cost, and schedule were aso dealt with
concurrently by the individua board and component designers as they strove to meet the
technica performance  specifications.

This concurrent engineering approach can be a severe culture shock if the designer
receives inadequate support from the other disciplines outside his or her expertise. The
solution is to gan commitment from the engineering, manufacturing, and support functions
to support the process totally at the outset, and to insist on it every day. Further, every
tean member must believe (and be continualy reminded) tha this process is worth the
extra intellectud effort

The results of the MODAR program were quite startling. The product development
cycle for anew prototype was reduced by more than 50 percent (from 12 monthsto 5
months). The prototype development cost was also reduced by 50 percent. Hardware
integration and harmonization took 2 weeks instead of 8. The radar worked and performed
dl of its basic functions in its first flight test 22 weeks after program start.

Eight months after program dtart, the radar and its testbed aircraft were deployed to
Orlando, Florida, to hunt windshear. In four days of testing, in very severe weaher, over
100 windshear events were detected in red time (and confirmed by ground-based Termind
Doppler Weather Radar) without fase adarm. These flight tests were the first successful
demongtration of a red-time processng, operaionaly ready, windshear detection, arborne
radar. In October, one of the prototype radars was instaled onboard a Continentd Airlines
A-300 arbus to begin inflight operationd evauation. After 8 months of testing and over
3,000 hours of flight time, the radar has operated without failure and with virtually no
support.

These technica achievements were impressve and indicative of the “getting it right
the firs time” power of the IPDT. Even more impressive, however, have been the results
associated with the producibility and unit cost reduction aspects of the program.

With every IPDT supported directly by manufacturing operations and materia
acquisition personnel from the beginning, the designers were able to rapidly converge on
the lowest cost, most producible design for the very first prototype. Design compromises
a the board-level that did not violate the architecture, primary functions, and performance
were permitted, particularly in the sedlection of components and materiad for the first units,
to mantan the rapid prototyping schedule.
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Substantial savings in production material costs (> 75 percent) were found by
developing a common sense gpproach to materid Specifications and quality that alowed
depatures from Military Specification (MLSPEC) materid without sacrificing  reliability
or qudity. This talored MLSPEC approach, when coupled with a comprehensve long-
term warranty (placing product quaity standards back on the shoulders of the manufacturer
where it belongs), has been the norm in the commercia eectronics industry and is gaining
acceptance with some military customers.

Manufacturing labor costs were similarly attacked by eiminating unnecessary test
and ingpection steps that have been shown to only add cost without increasing quaity. As
a result, assembly and test times have been reduced by over 90 percent from conventiond
military  practices. Manufacturing engineers paticipated directly in every detal of the radar
design to ensure the producibility and test of every subassembly as well asthe entire
system. To further accelerate the development of the production processes, the first
prototype units were fabricated, assembled, and tested on the production floor by the
manufacturing engineers and production staff to gain valuable insight in the hardware
producibility. This process reduced the number of revisons required later as the hardware
moved to production.

This hard look a production cost has resulted in very large savings compared with
the cost of best military practices used today. As a comparison, the nearest performance
radar to the MODAR is the Westinghouse APG-66 radar for the F- 16. The MODAR
recever, exciter, sgnad daa processor, and antenna complexity and capability are very
similar to the APG-66. The major exception is the transmitter-the MODAR uses a
160-watt dl solid-dtate transmitter over the high power TWT transmitter in the APG-66.
Taking this difference into congderation, the unit production cost of the MODAR wesather
radar is 80 percent lower than its military cousin. This reduction in cost aso comes with an
order of magnitude increase in reliability. These two factors done dlow the introduction of
sophidticated pulse doppler radar technology into markets that would have been impossble
to enter before.

A case in point has been the successful sde of a MODAR family member of the
U.S. Air Force for the C-130. Here, a big brother of the commercial weather radar
utilizing identicdl, common, commercid modules for dl of the core radar subsystems
(receiver, exciter, transmitter, signal data processor, and power supply) has been
developed and is now entering production. This radar provides a substantiadly increased
capability in modes and performance a 10 times the reliability and two-thirds the cost

G-6



without any compromise in its avalability or compatibility with the C-130 operaiond
environment. A smilar capability in a conventiond, fully-military-qualified design would
have been out of reach for the available budget.

SUMMARY

The defense electronics industry possesses the advanced technology and
engineering know-how to create an incredible array of new products and services for the
commercid market sector if it is willing to make some fundamenta changes in the way it
does business. These changes include new management techniques, such as IPDTsto
reduce the product development cycletime and investment, while increasing the product
vaue, and the development of “dud-use’ technologies and product lines that permit market
diversification and sustained sales in core competency areas. The key to successfully
implementing these changes will be a little bit of management vison and a lot of leadership
with the rank and file who must ultimately embrace these new ideas. The successes are
summarized in Table G.L

Table G.1. Integrated Product Development Team (IPDT) Success Story

« > 50 percent reduction in cycle time (from 12 months to 5 months)
- First flight test in 22 weeks

« 50 percent reduction in prototype development cost

e 75 percent reduction in material cost

- 90 percent reduction in labor cost

- 80 percent cost reduction over equivalent current military system

« Common hardware and software across commercial and military products
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Appendix H
COMMERCIALIZATION IN THE
SHIPBUILDING INDUSTRY

Integration of commercid drategies and practices with navd ship requirements has
the potential to reduce the acquisition and life cycle cost of the Navy’s future ships.
Achieving this benefit, however, requires the development of design and manufacturing
techniques and an acquisition process that takes advantage of modem technology to
produce complex ships in a more efficient manner. Controlled design and manufacturing
experiments will provide the necessary feedback and lessons learned to develop these
techniques and processes.

Identification of commercial drategies and practices as a potentid means toward
more affordable ships was one of the results of a study performed by the Navy. The
Affordability Through Commonality (ATC) project was formed within the Naval Sea
Sysems Command (NAVSEA) to investigate methods to reduce the cost to build, operate,
and maintain ships. The ATC project surveyed U.S. and foreign shipbuilding approaches
and examined nonshipbuilding industries to determine what was being developed
throughout the world to build more competitive products. The commercid trend is toward
more efficient production and wider applicability. Producibility studies have determined
that more efficient ship production can be achieved by emphasizing in-shop production of
ship subassemblies. Future flegt studies conducted by the ATC project identified areas of
commonality among future ship classes. Performing specific experiments involving
subassemblies, or modules, that will have multi-class applicability will alow development
of techniques for efficient ship production tha will be gpplicable to virtudly dl future ship
classes and result in a more afordable flest.

A good example with several paralels with NAVSEA was studied by the ATC
project. It involves the atempts of the Boeing Corporaion to improve its competitiveness
in its commercial aircraft division. Boeing was spurred by its failure to win several
Full-Scale Development (FSD) procurements during 1978 to 1985. Although the
Company received high scores for technicd merit and product quaity, its costs were too
high, and Boeing lost the procurements to others. This initiated a corporation-wide
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program to reduce costs and improve efficiency through a variety of techniques. The
results have been significant, and Boeing is one of the top businesses in the aircraft
industry, despite internationd and subsidized competition. This corporate renewa revised
the way Boeing designs and builds airplanes. Instead of designing agiven system for a
given arplane, Boeing desgns the sysem for the widest applicability within its product
line. For example, 40 percent of the parts required for the Boeing 757 are common to the
767. This has obvious production advantages but aso generates operating cost savings
due to common maintenance, training, and ground support requirements. Boeing also
revised the way it builds arplanes to become an assembler of large subassemblies. It no
longer makes dl the parts of the arcraft. Boeing subcontracts maor portions, such as the
wings, and assembles them on the arplane when they arive a the assembly plant. The net
result is a competitively produced arplane that enabled Boeing to be one of the world's
leaders in aerospace technology and sdes. The pardld with the Navy is that the Navy's
ships are high qudity, highly capable weapon systems, but they cost too much to build,
operate, and maintain. The lessons Boeing learned have applicability to what the Navy is
trying to do even though Boeing is a more centralized organization than the Navy and
industry team that designs and produces ships, and production rates are lower for ships
than for aircraft.

A similar example exists in the shipbuilding industry with the Blohm and Voss
shipyard. This German shipyard developed the MEKO corvette and frigate system. This
system involves the modul arization of a great number of ship subsystems that can be
tailored to an individual ship’s requirements. This capability permits a compressed
construction schedule, maximization of in-shop production, and commonality across
different ship classes. Blohm and Voss reports a 5 percent reduction in construction costs
over traditiond methods and clams reduced life cycle codts because modular payloads
permit easer and, therefore, less expensve modernization. This clam exists despite only
patid modularization (primarily in combat sysems) and a focus on modularization for
rapid reconfiguration of base designs to attract foreign military sdes, vice palletization for
eae of condruction and cost savings. Figure H.1 portrays how the shipbuilding schedule
IS compressed.
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Figure H1. Blohm and Voss Frigate Schedule Comparison

Some of the benefits ganed from implementing a common and standard module
gpproach are outlined below:

Design and Acquisition Phase

*  Lead ship desgn costs are reduced (after initid fleet investment in reussble
desgn eements).

«  New ship technicd and programmatic risks are reduced due to use of reusable
design eements.

«  Program acquisition costs are reduced due to procurement of fewer unique
components.

Manufacturing, Construction, and Testing

« Asembly of large subassemblies “in-shop” vice “on-ship” will permit more
efficient use of labor.

- Construction costs are reduced due to productivity improvements brought
about by pardld assembly, criticd path eiminaion, and faster throughpuit.
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Overhead and contract delivery requirement list (CDRL) costs are greatly
reduced due to shorter congtruction time.

Testing costs are reduced due to “off ship testing of Stages 1 through 5”
(minimum onboard  testing).

Life Cycle Support and Modernization
Present Approved Parts List (APL) proliferation will be reversed.

Infrastructure costs for spare maintenance and training will be reduced due to
greater  Standardization.

Modernization costs will be reduced. Greater standardization and
modularization will amplify future modernizations.

Flexibility in misson and technology upgrade will facilitate change in a more
graceful, less codtly, and more timely way.

Achieving these benefits requires careful selection of the ship features to be
modularized. To assist in the selection process, severd systems engineering efforts were
performed.  One involved defining a spectrum of future flegts for various levels of Ship
Construction, Navy (SCN) budgets. This defined the range and quantities of ships that
could be expected. These fleets were investigated for the degree of commondity among the
various ship classes. This refined list defined potential candidate modules and the
quantities likely to be required for each type. Ship construction costs are being studied to
determine which of the candidate modules would have the most effect on cost. When the
cost effect and quantities of the candidate modules are determined, the modules with the
mogt potentia to save cost on a flegt-wide bass can be determined.

The commercid world is moving toward greater component commondity within a
product line while retaining the flexibility to match components to requirements for talloring
a product for a specific purpose. Adopting this commondlity Srategy for the design and
condruction of future ships will yield cost savings. Specific experiments will provide the
lessons needed to apply this approach on a flegt-wide level.

Initid implementation of these acquisition process and commonality concepts via
pilot or experimentd programs is crucid to the success of the ultimate implementation of
improved ship acquistion and support. The milestone-driven nature of the ship acquistion
process precludes shipbuilding programs as a means for research and development of
modular systems with fleet-wide applicability. These systems must be designed, tested,
and developed, off-line from the ship acquisition process and, after they are proven,
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introduced into new congtruction, converson, or modernization programs a the feasihility
and preliminary design stage, for module production as part of the ship acquisition
program. Computer-aided design, engineering, and manufacturing and newly available
three-dimensonal  product modeing technologies enhance the repeat usage of dandard
modules and ther flexible reuse in follow-on ship acquisition programs with subsequent
savings in time and money.

The experiment proposed in Section 3.6 will be utilized to:

Develop and validate a common acquisition strategy and production process
necessary to identify and resolve both the technicd and programmatic issues
and requirements associated with developing modular systems and the
implementation and integration of these systems into the ship design,
acquisition, congtruction, and life cycle support process.

Develop three modular systems to the point where they can be incorporated
into ship acquisition programs.

More importantly, the method by which this occurs, and the standards and
specifications modifications developed to implement these three prototype development
projects, will serve asavital first iteration of a ship design and construction process
improvement.  This firg iteration is a necessary step toward future (independent funding
being pursued) process evolution by which subsequent modules and the architectural
oversght required to utilize their potentid for affordability benefit arc implemented for long
term and lasting benefit.
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Appendix |
EXPERIMENTS

RECOMMENDED EXPERIMENTS IN INTEGRATED PRODUCT AND
PROCESS DEVELOPMENT

Composite Structure for the Composite Armored Vehicle (CAV)

The advantages of compogite armor as an integra pat of a combat vehicle has been
demonstrated in various prototypes. Designing vehicles using composites keeps sharp
comers to a minimum and thus reduces radar cross-sections. It aso cuts down
dgnificantly on welding of heat-trested metd dloys and armor for the overdl vehicle
Since the number of parts and joining operations is reduced, fewer templates and tools are
necessary, resulting in less required floor space, lower energy costs, and fewer man-hours
per finished vehicle. However, taking the step from prototype fabrication to a
manufacturing capability of at least 60 vehicles per month demands, at the least, a
conservative, planned approach centered on a capability using wide, thick, composite
broadgoods.

Thefirst experiment proposed isto develop the critical manufacturing process
associated with the composite materia that will meet the Army’s critical weight and threat
requirements. Manufacturing the type of composite structures that will meet the
requirements of the CAV involves laying down many layers of woven, ballistic fabric
prepregnated onto a complex tool. The current technique for accomplishing this task is
labor intengve; however, incorporating various levels of automation into the manufacturing
process would reduce future production costs. Some types of automated equipment that
handle wide broadgoods have been developed over the past 15 years, but none have proven
to be rdiable Some of the problem aress that have been identified are methods of cutting
materid, proper tape dignment and tension, inertia problems due to the mass. of the tape
dispensing head when covering various contours, and quality of the tape itsdlf.

What is required is the development of a flexible manufacturing fabrication cell that
is designed for producing both thin and thick composite structures. The separate



components avallable for this integrated fabrication cell have been shown to be rdiable and
are currently in use in the aerospace and automotive industries. These components require
modification and integration, however, to handle wide composite broadgoods of the type
needed to meet the CAV requirements (i.e, broadgoods required to build the thick, large,
composite structures needed for major components of the next-generation family of
amored  vehicles).

A relaed devdopment effort would be to modify reliable composite fabrication
equipment by integrating automated’ broadgood cutting equipment with  semi-automated
overhead dispensing equipment, tailored for wide broadgoods to be laid down onto equally
wide tools. In this way, materid could be cut to order on an asrequired basis directly off
wide rolls that could be carried to an overhead dispenser automatically. Positioning,
laydown, and debulking of each ply a a specified pressure could be accomplished either
manualy or by a sequence of machine operations. These critical processes could then be
measured to determine process maturity growth and to estimate process capability indices,
eg., Gy, for this process in CAV applications,

Advanced Field Artillery System

The Advanced Fidd Artillery Sysem (AFAS) ATD comprises two subsystems. (1)
an automated ammunition subsystem and (2) the armament subsystem. The automated
ammunition subsystem conssts of the ammunition supply mechanism, projectile magazine,
and ammunition control hardware. The amament subsystem conssts of the turret drive
and controller hardware, 52-cdiber  155+mm Liquid Propelant Gun, and turret structure.
The maor thrusts in AFAS program include the advanced fire control, extended range and
accuracy suite, automated ammunition handling, advanced propellant, and extended range
and high-rate-of-fire  armament.

The current focus of advanced technologies is on the following AFAS hardware:
Regeneration Liquid Propdlant Gun (RLPG) System
Automatic Ammunition Handling Sysem (AAHS)
Fire Control/Battlefiddd Management (FCBM)
Multi Option Fuze-Artillery  (MOFA)

The Task Force suggests three areas of the AFAS ATD for potential IPPD
experiments. metd forming and coating, liquid propellant, and the platform eectronics. All
of the areas involve criticd manufacturing processes or have integration problems that
require basdining and the determination of cost impacts.
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Because of heat generated by the faster projectile, higher propellant charge, and
increased rates of fire, the gun tube and chamber will require plating. Cadmium plating hes
been used in the past for this application. However, due to environmental problems
associated with Cadmium, new, alternative cost-effective approaches will need to be
developed.

The Liquid Propdlant (LP) is a new technique for atillery, and new facilities will
be required for its production. Basically, Hydroxyl Ammonium Nitrate (HAN), Tri-
ethanol Ammonium Nitrate (TEAN), and water are mixed together to produce the
combugtible  liquid propellant. The criticdl process parameters for the manufacturing of LP
need refinement to eliminate problems associated with operational requirements. The
chemical processes associated with the manufacturing of LP present an excellent
opportunity for defining process metrics, conducting designed experiments, and using the
results as a maturity growth indicator.

The platform eectronics include a projectile tracking sysem and a muzzle velocity
management and prediction sysem. Both systems are in the early definition phase and will
use advanced electronics to meet their intended use (eg., millimeter wave technology and
neural networks). The Task Force felt that an IPPD approach to problem solving and
defining critical processes will be of significant benefit to the overal program.

Integrated High Performance Turbine Engine Technology

The goa of the Integrated High Performance Turbine Engine Technology
(IHPTET) program is to double gas turbine propulson sysem capability by around the
turn of the century for a wide range of arcraft and missle gpplications, including al DOD
needs. The program is in three time-phased steps, so that technology will be avalable for
near-term  system needs. Accomplishments will lead to durable high performance (i.e,
high output and weight, low fuel consumption) engines, capable of built-in stedth. The
program will have a great effect on both military arcraft superiority and commercid arcraft
competitiveness. The approach to achieving these goals is to develop lightweight
components and structures, and improved aerothermodynamic design, with particular
emphasis on heat transfer in order to achieve the higher maximum and combustion-
initiation  temperatures  required.

Program direction for IHPTET is effected by the DOD/NASA IHPTET Searing
Committee.  The committee is co-chaired by OSD (ODDR&E) personnel with
representatives from the Services, DARPA, and NASA Representatives of the U.S.
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arcraft gas turbine industry are invited to attend open sessons of committee meetings. The
IHPTET Steering Committee, with inputs from industry, reviews program progress and
directs corrective actions in the event tha progress lags in specific technology aress.

Progress toward achieving the established gods of the program has been excellent.
However, 2 years ago, the Steering committee identified two specific technology areas that
needed further emphasis. titanium-based metal matrix composites for compressor
components needed for the Phase [l gods, and ceramic matrix composites for turbine
components needed for Phase Il gods. Accordingly, increased efforts in the development
of these materids, including addressing the basic producibility and manufacturability of
certain components, are being conducted. However, the IHPTET program does not
include efforts devoted to high-yield process development. This is a matter of concern
because no manufacturing technology program exists to provide a naturd follow-on to
S&T efforts.

The Task Force recommends that manufacturing technology programs focused on
titanium-based metal matrix composites and ceramic matrix compostes be established
within the context of the overdl IHPTET program. The purpose of these programs would
be to provide funding to determine the criticl manufacturing processes associated with the
components fabricated from these materids. In addition, process metrics should be
modeled or measured to determine growth maturity.

RECOMMENDED EXPERIMENTSIN MODELING AND SSIMULATION

Four ATD-based experiments are proposed to demonstrate and accelerate adoption
of modeling and smulation in the IPPD process. These experiments, which address all
aspects of the vision presented in Chapter 2, are summarized in Table 1.1. The first three
experiments, shown schematicdly in Figure 1.1, build on specific ATD gpplications to
enhance their cost effectiveness. The fourth experiment seeks to demonstrate an
infrastructure for integrated modeling and simulation that can support a broad range of
Thrugt |-5 ATDs. Detal on these experiments is given in the following subsections.



Table I.1. Recommended Modeling and Simulation Experiments

Demonstration Benefit
LIGHT CONTINGENCY VEHICLE (LCV) « Define limitations imposed by
Augment LCV ATD to define critical manufacturing processes on subsystem
manufacturing technologies and to model and performance.
simulate them to define performance bounds |. Define warfighting effectiveness and cost
dictated by available manufacturing processes. tradeoffs.

. Reduce subsystem costs.

MULTI-ROLE HGHTER ENGINE (MRF) « Reduced time, cost, and risk in
Create an ATD to define and demonstrate demonstrating a derivative engine for a
affordable technology insertions for a weapons system.
derivative jet engine for an Air Force MRF. . Development of detailed design,

manufacturing process, and factory models
for key technology insertions.

COMPOSITE ARMORED VEHICLE (CAV) . Create knowledge and data base to
Augment CAV ATD to model thick composite complement CAV demonstration point
manufacturing  processes, relating  feasible design.

designs to weight, protection, signature, etc. |. Enhance system and process design,
reduce cost, and support production base

analysis.
INFRASTRUCTURE FOR IPPD . Facilitate rapid iteration of product/process
Demonstrate open architecture and integration design analyses, resulting in better designs
technology as a common element of several and shorter cycle times.
ATDs. Start with interface standards and « Avoid unnecessary duplication among
network services to integrate IPPD selected ATDs
environment, both internally and with synthetic |, provide incremental, open set of
battlefield. capabilities for future ATDs.

Light Contingency Vehicle

The Light Contingency Vehicle (LCV) ATD involves a revolutionary new weapon
system concept that will require fundamental tradeoffs between performance,
manufacturing, cost, and operational tactics. The LCV, which represents a departure from
conventional heavy forces, is one of three vehicle ATDs being pursued in Thrust 5,
Advanced Land Combat. Its objective is to demonstrate how emerging technologies can be
integrated to show that a credible force can be rapidly projected into future contingency
operations. The LCV is a joint DARPA-Army-Maine Corps ATD with a large user base
that seeks to develop an 8- to 10ton survivable vehicle with numerous automated and
semi-automated modes of operation for use in survellance and wegpon deivery. Current
ATD plans cdl for sgnificant modeling and smulation effort in consderation of numerous
technica and operational aternatives, each involving fundamental performance,
manufacturing, cost, and operationa tradeoffs. Appropriately augmented with  modeling
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and smulation of criticd manufacturing processes, this ATD will exercise the full capability
of the modding and smulaion vison for IPPD presented in Chapter 2. This experiment
will provide an excdlent test ground for creating criticl manufacturing process models that
can be used to meet Thrust 5 objectives, enhance Thrust 7 objectives of technology for
dfordability, and exploit the synthetic battlefield environment of Thrust 6. Planners of this
ATD have incorporated some elements of the efforts needed in their project plan.
Augmentation of this ATD, to cregte a joint ATD between Thrusts 5 and 7 that uses the
synthetic battlefield environment created by Thrust 6, will be a productive and cost-
effective  experiment.

Create ATD to demonstrate aftordable jet engine
technology insertions for multi-role fighter

Augment Light Contingency Vehicle (LCV) ATD Augment Compsite Armored Vehicle (CAV)
to define and model critical manufacturing ATD to model thick composite manufacturing

technologies process

Figure I1.1. Schematic of Augmented and New ATDs To Demonstrate
Modeling and Simulation in IPPD

Multi-Role Fighter Engine

A new ATD is suggested to define and demonstrate affordable technology
insertions into a derivative engine for an Air Force Multi-Role Fighter (MRF). The
objective is to demondrate that time, codt, and risk of a derivaive engine for a wegpon
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system can be significantly reduced by appropriate use of modeling and simulation
technology. The synthetic battlefield would be used to define the benefits of stealth
characteristics, speed, range, maneuverability, etc. Engine system requirements, such as
radar cross section, installed thrust, specific fuel consumption, weight, etc., will be
generated. Design models will then be used to determine the nature and degree of the
required technology insertions to the present baseline production F- 16 engine (e.g.,
ceramic therma barrier coatings, advanced super dloy turbine blade, and multi-hole laser
drilled combustor liner). Process models, factory models, and cost models for the
technology insertions will then be developed. A risk analysis of the latter models will
determine the degree of vaidation required. By usng an advanced derivaive of a current
production engine, the detalled design, manufacturing process, and factory modes that
need to be developed will be limited to those related to the technology insertions. Through
use of exiging data for the remainder of the engine the entire feedback and feed-forward
capabilities involving IPPD will be demondrated.

Composite Armored Vehicle

The Composite Armored Vehicle (CAV) ATD involves fundamenta manufacturing
technology constraints, as well as significant tradeoffs between performance and
operational tactics. The CAV, being developed by the Army in Thrust 5, represents an
operational concept associated with a scout function that is caried out by a lightweight
combat vehicle with substantil armor protection provided by composte materids and
substantial  firepower. While the operational concept for this vehicle is more conventiond
than for the LCV, fundamentd design, performance, sedth, vulnerability, manufacturing,
and codt tradeoffs must be addressed in this ATD. Augmentation of the current CAV ATD
to develop models and simulations of thick composites for armor and support structures
will permit performance, cost, and production quantity tradeoffs to be made, based on thick
composite manufacturing capabilities. This extenson of the CAV as a joint ATD between
Thrusts 5 and 7 provides an outstanding opportunity to test and guide development of
effective tools and technologies associated with affordability in a project with fundamenta
manufacturing considerations and  tradeoffs.

Modeling and Simulation Infrastructure for IPPD

An information exchange infrastructure is criticd to achieving the IPPD vison
defined in Chapter 2. A Thrust 7 ATD, shown schematicaly in the center of Figure 1.2, is
recommended to demonsirate an open architecture that links modeling and simulation tools
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within the IPPD environment to support iterative product and process design. The
achitecture will link the ATD environment to both the synthetic battlefield and the industrid
base, providing the missing electronic linkages noted in Chapter 2. Standards will be
adhered to in linking modding and smulaion tools and faciliies that will be applied in
Thrust I-5 ATDs. Broad use of the infrastructure developed in Thrust [-5 ATDs will
validate its effectiveness and accelerate its transfer to DOD  contractors.

Figure 1.2 Thrust 7 ATD To Demonstrate a
Modeling and Simulation Infrastructure for IPPD

RECOMMENDED EXPERIMENTS IN DUAL-USE-MANUFACTURING

Three primary experiments are proposed to promote and understand dua-use-
manufacturing (Table 1.2).



Table I.2.

Experiments to Promote Dual-Use-Manufacturing

Experiment Benefits
ADVANCED  ELECTRONICS
Implement  coproduction of military and . Co-leverage technology lead.
commercial  devices/modules on single Reduce cost 5 to 10x.
production line (GsAs MMIC, multi-chip
module).
CONVENTIONAL  ELECTRONICS
Evaluate true performance/cost comparison of |« Explore cost, schedule and performance
electronic sub-assemblies designed and implications of current military-specific
produced by commercial processes and acquisition.

components as compared to the traditional

military ~ approach.

SHIPBUILDING

Transfer ~ commercial  state-of-the-art  design . Lower design and unit costs.
and manufacturing practices to US. . Increased flexibility/speed.
shipbuilders.

« Upgrades U.S. industry.

The Advanced Electronics experiment will identify either, or both, GaAs devices
(military and commercial) or multi-chip modules (military and commercial) and will
produce them on the same production line. Subgtantid engineering must be invested to
ensure that the idiosyncrasies of the device can be accommodated on a shared line.
Further, a modified cost accounting system will be needed to accurately trace each device's
cost. The expectation is that military devices will enjoy the lower overhead costs and
higher yields characteristic of commercid products. Additional savings should occur due
to the high volumes of the combined runs.

The Conventional Electronics experiment is designed to (1) characterize the
performance of commercial devicesin the military environment; (2) characterize the
performance of subassemblies built usng commercid practices in a smulated military
environment; and (3) quantify the benefits gained using commercial design rules and
manufacturing processes in a mgjor electronic subassembly. Following design and
manufacture, the subassembly would be tested in the full military environment to ascertain
performance  limitations.

The Shipbuilding experiment isto implant best commercial practicesinto U.S.
shipbuilding. The essence of the practice is to design and build modular, common, mgor
components that can be congtructed in a shore production facility instead of being hand-
fitted on afloating ship. Three modules are proposed: (1) areverse osmosis distilling
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plant; (2) a sanitary unit; and (3) a ventilation fan room. These modules can be inserted
eadly into a floating hull, and should provide substantial cost savings from a
manufacturing and a procurement standpoint. Additionally, replacement and modernization
can be accomplished with enormous time savings. Modem design techniques, such as the
use of CAD, will aso be introduced.

Advanced Electronics

Flexible Gallium Arsenide Integrated Circuit Production

The first proposed experiment in the area of advanced electronics is flexible Galium
Arsenide (GaAs) integrated circuit (IC) production for dual-use-manufacturing. The
problem is shown by the contrast between military and commercid needs (Table 1.3) Two
questions are raised:

1. Can military/space and commercid GaAs IC production coexis in the same
factory?

2. How would leading edge military GaAs IC technology benefit the commercia
sector? What are the return benefits to support military needs?

Table 1.3. Flexible GaAs IC Production for Dual Use-
Military vs. Commercial Needs

Miltary Requires only low-volume GaAs ICs, but many different products at
noncontinuous (sporadic) intervals. Needs state-of-the-art prototype chips
and a 15 to 20-year life-cycle supply. Chip cost must be affordable ($30 to
$100 per chip), but the total DOD-limited demand is insufficient to pay the
cost of even one GaAs production line on a stand-alone basis.
Furthermore, DOD  specification practices, along with diversity of chip types,
tend to drive up chip costs beyond range of affordability. Lack of volume
and standardization will eventually cause DOD needs to be of decreasing
interest and priority to GaAs chip manufacturers.

Commercial Reguires high volume GaAs ICs at very low unit cost for a small number of

products. Needs state-of-the-art prototypes and early volume production
with preplanned improvements and cost reductions over a short 3- to 6-year
lfe cycle. Needs increasing volume as market grows 20 percent a year.

Additional contrasts between the military and commercial requirements and
production practices are shown in Table 1.4.
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Table 1.4. Military vs. Commercial GaAs IC Contrast

Military Commercial
Requirements  (1995)

Volume (chips/month) Low <10° High >107
. Market growth (%lyear) None 0 High 20%
« Chip cost ($/chip) Medium 30-100 Low [-10
« Product life cycle (years) Long 12-20 Short 3-6
. Degree of product High Thousands Low Tenths

customization (types)

Production Practices (1990)
. Continuity High-build to inventory Low-build to order
. Flexible production line Yes-but low volume only Low-build to order
. Packaging Custom high cost packages Standard low cost packages
. Test 100% Minimum sample test
« Design to production cost Perfo_rlmance considerations Real driver
prevai

The approach for this experiment isto develop alarge-scale flexible GaAs IC
production line. A large-scale flexible GaAs IC production line has high potential for
permitting military and commercial manufacturing to coexist, while simultaneously
providing sgnificant benefits to both sectors. Charecteristics of a large-scde flexible line
include the following (detalled in Table 1.5):

Multiple technology/process types which encompass most GaAs IC
applications (except pure digitd gate arrays): andog, microwave, millimeter
wave, optica eectronic integrated circuit (OEIC).

Ability to produce any product mix combination upon demand, with no dartup
delays.

High commondlity among technology process types, no compromise in cost or
performance.

Ability to scde quickly from medium to large volume upon demand.

Cost competitive in commercid market; smultaneoudy qudified for military
applications.

Rapid trandtion of new GaAs IC technology from militay R&D to full scde
production.

Automated manufacturing and  businessmanagement systems to accommodate
large product set for many diverse customers.
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Table 1.5. Description of Large Scale Flexible GaAs IC Line

Characteristic  of

Large-Scale Flexline

Description

1. Muliple processes for broad GaAs
IC applications-military,

commercial

o MESFET, HEMT, HBT, OEIC processes
« 0110100 GHz 1 mm? to 200 m? chip size
. Small signal, power, mixed function, ADC

N

. Arbitrary product mix

« 1 to 95% range per process type
. Rapid change of product mix (1-4 weeks)

3. Maximum manufacturing

commonality

. 70% or greater common processes, equipment
« SPC based on common processes

- As constructed, commonality without performance
or_cost compromise

o~

flexibility

Medium to large volume capacity

- Capacity dynamic range 201

- 50 to 1000 wafers/week
- 100,000 to 20 million chips per year-value to
$100M

5. Simuttaneous commercial/military
competitiveness

- 50 to 90% output to commercial
« Meets intent for military environments

S

Rapid technology transition

o« 10 months LRIP, 24 months full scale

-~

diverse  market

. Automation for production and

base

. GaAs wafer cost ==> silicon wafer cost
. Customer set > 1000 worldwide.

The benefits to the military of such an experiment include the following:
Assured U.S-based supply of GaAs ICs for next 20 years.
«  Reduced IC cogt by 3x to 5x.

Outlet for DOD R& D which significantly benefits U.S. competitivenessin

worldwide dectronic markets.

The benefits for the commercid sector are:
Technology push from DOD activities will drive commercia products.

Retan early (current) lead in millimeter-microwave integrated circuit (MMIC)
products as worldwide market emerges.

*  Multiplier effect on OEM related products x 100.

This experiment is summarized in Table 1.6.
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Table 1.6. Proposed Experiment for Flexible GaAs IC Production

DESCRIPTION

Demonstration of an extremely flexible manufacturing approach for GaAs chips that
encompasses most military and commercial applications. Flexline must achieve high process
commonality for broad product sets without compromising performance, cost or quality,
achieve rapid response to product mix and production rate, and achieve rapid transition to
market of new DOD technology. Must lead the way to overcome very high cost military
specifications _and practices for IC _assembly, test, and qualification.

BENEFIT

Provides effective solution to assured supply of military GaAs ICs for next 20 years at 5x
reduced cost. Military GaAs technology will have a rapid response commercial outlet and
benefit U.S. worldwide competitiveness in electronics market. Permits DOD to be a strong
but shrinking customer in a rapidly growing critical Industrial base area.

Multi-Chip M odules
The second area under advanced electronics is that of multi-chip modules (MCMs).

The proposed experiment is shown in Table 1.7, and a proposed vison and plan for the late

1990s are described below.

Table 1.7. Proposed Experiment for Multi-Chip Modules

DESCRIPTION

Silicon integrated circuit performance is currently limited by the effects of conventional
packaging and interconnect technology. Mutti-chip modules (MCM) offer reduced volume
and improved performance over conventional PWBs. This program would expedite the
development of the MCM industry with first emphasis on development of a robust commercial
market.

BENEFIT

MCM cost will fall dramatically with the appearance of strong commercial demand. Military
applications of MCMs will access greater performance, lower volume, at an affordable price
based on a strong commercial _market.

FUTURE VISON

The following vision represents what might be reported in 1997 as a result of
experiments that DOD could start now: In 1997, the domestic multi-chip integration
industry will record its highest rate of annual sales growth yet reported Estimated at $4
billion annually, the U.S. MCM industry is largely a result of the comprehensive
development plan funded initially by Congress in the 1993 fiscal year budget. The demand
for multi-chip modules has increased at an annual rate of 30 percent for the last 3 years,
with US. MCM technology widely acknowledged as responsible for returning a positive
balance of trade to the U.S. semiconductor industry. Applications of MCMs became
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widespread in the workstations beginning in 1994 and expanded to include most major

electronic products in 1996 The early introduction of MCM technology is viewed by most
observers as the key element responsible for the dominant worldwide market share enjoyed

by Sun Microsystems and Hewlett-Packard

The success of the U.S. MCM industry is largely the result of an unprecedented
federal program initiated in 1993. In the spring of 1992, more than a dozenfirms from the
then fledgling MCM industry approached Congress with the potential of multi-chip
integration to revolutionize the world of electronics. In 1993, Congress appropriated $170
million to begin a 3-year intensive effort to rapidly develop U.S. MCM capability. At the
beginning of the 3-year program, the U.S. industry had developed slowly with little
coordination to develop supplier and equipment infrastructure commensurate with the needs
of the handful of MCM foundries that were planned. Potential users of the MCM
technology knew well the potential MCMs offered, but design tools were virtually
nonexistent, and most electronic equipment manufacturers were reluctant to adopt this
immature technology.

Beginning in 1993, however, with the initial Congressional appropriation, DARPA
coordinated a comprehensive plan to simultaneously develop supplier infrastructure,
foundry capability to produce MCMs in volume at a competitive price, and user acceptance.
DARPA, working closely with the newly formed MCM industry association, provided
funding to industry in four broad categories. A number of tasks that were of significant
benefit to the MCM industry as a whole were identified and funded as process-independent
infrastructure developments. As a result of this activity, industry standards for testing
methods, packaging, and industry specifications for known good die were adopted in
1994. This 24-month effort was awarded to an industry consortium after a competitive
process in which four teams proposed comprehensive standardization programs.

Also beginning in 1993, DARPA funded 4 industry foundry teams to develop the
supplier base and design tools to support their specific MCM technology approach.
CADICAE  tools were developed to support each foundry and were widely distributed to
industry in preparation for the third element of the development program Foundry and
infrastructure teams provided investment in capital equipment, facilities, and training in
or&r to meet the volume and price requirements of the user community.

The third and most crucial phase of the program funded initial application of MCMs
in a wide variety of electronic products. In this program, DARPA solicited candidate
industry products for MCM insertion. Selected product insertions received government
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finding for 50 percent of the nonrecurring engineering, on a cost shared basis. Insertion
programs werefunded  in super computers, workstations, automotive, telecommunications,
and military computers. This 50/50 cost share program for MCM insertions is widely
acknowledged as the most successful effort of its type to date, and is credited with paving
the way for the widespread acceptance of MCM today.

In a fourth element of the government effort, university research was accelerated to
develop advanced second generation MCM techniques including three-dimensional
packaging, diamond substrates, and advanced memory packaging. Additional efforts have
also resulted this year in the emergence of the first silicon integrated circuits designed
exclusively for use in multi-chip module applications.

Government finding, which continued through the 1995 fiscal year budget, totaled
$500 million over the 3 years. Figures assembled by the MCM association for the same
period indicate that industry investment in capital, facilities, research, and technology
development exceeded $1 billion. Figures recently published indicate that 275,000 jobs in
the United States are currently directly supporting the MCM industry.

The rapid emergence of the U.S. MCM industry as the dominant world supplier has
confounded analysts who predicted further erosion of the U.S. electronics industry with
often-predicted Japanese dominance in MCMs. The government finding injected in the
mid-1990s is widely credited with providing the cornerstone of an emerging national
strategy to regain a dominant position in electronics. Many observers feel that early
Japanese success in MCMs would have further undermined the U.S. position as a leading
supplier of high technology commercial, industrial, medical, and defense electronics.

Conventional Electronics
The purpose of this experiment is to evaluate the posshility of using commercia
components, assemblies, and practices in a military application by -

Characterizing the performance of commercid components and assemblies in
military environmentsL.

. Quantifying the benefits gained using commercial design rules and
manufacturing process on a major subassembly.

1 Shock, vibration, humidity, reliability.



The anticipated benefits include:
Potentid ten-to-one cost savings, but some environmental restrictions.

+  Demongration of the posshility of dua-use-manufacturing production lines.
Acquistion of hard data to promote deployment.

The proposed areas for this experiment (shown in Tables 1.8 through 1.10) include:
Commercid IC Rdiability.

- Commercid Javelin Guidance Electronics Unit (GEU).
“Best commercial practice’ Paveway electronics.

Table 1.8. Proposed Experiment for Commercial IC Reliability

DESCRIPTION

Conduct extensive data search on commercial IC reliability data. Use this data to select the
environmental screening required and the potential expected failure modes to focus the
system environmental screening.

BENEFIT

Most semiconductor vendors have data available for commercial IC reliability. Based upon
this extensive data, specific environmental tests can be developed to identify differences in
commercial plastc and military ceramic IC reliability. With this data and subsequent system-
level tests (experiment #2) on applicability, matrix for commercial plastic IC use in military

systems can be developed.

Table 1.9. Proposed Experiment for Commercial Javelin GEU

DESCRIPTION

Design and build a Javelin guidance electronics unit (GEU) using parts and processes
of ‘best commercial practice.” Evaluate against a MIL-STD GEU for performance,
reliability, and potential production price.

BENEFIT

A “best commercial practice” GEU could offer significant cost and weight advantages.
Actual performance differences can be estimated but design, fabrication, and
thorough evaluation of three “commercial” GEUs would provide hard test data.
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Table 1.10. Proposed Experiment for Best Commercial
Practice Paveway Electronics

DESCRIPTION

This program would design, fabricate, and test a Paveway GCU built with commercial
components and assembled and tested to commercial standards. The resulting units would
be evaluated for performance and reliability against existing MIL-STD GCUs. Cost estimates,
based on the commercial approach, will provide a benchmark against current cost of MIL-STD
units.

BENEFIT

Commercial practices and components offer substantial cost savings over current MIL-STD
parts. Actual performance and reliability shortcomings are not well defined. Likewise, cost
savings of commercial versus military are often quoted but seldom quantified by actual design
and implementation of a system.

Shipbuilding

Detail for the proposed experiment in employing reusable design elementsin
shipbuilding is shown in Table 1.11.

Table I.11. Proposed Experiment for Advanced Manufacturing
Processes Transfer to Shipbuilding

DESCRIPTION

The proven commercial manufacturing process of employing reusable design elements that
are common across product lines is transferred to Navy shipbuilding. This transfer is
accomplished through: (1) standards development, (2) design, (3) construction, (4) testing,
and (5) documentation (three-dimensional product model) of candidate modules.

BENEFIT
Twofold: (1)  Acquisition, support, and infrastructure cost savings.
(2)  Improve U.S. shipbuilding commercial viability

Specifically, the transfer of this proven manufacturing process should help shipbuilders
move further toward rapid assembly of larger (and fewer) subassemblies, thus reducing
construction time. The Navy's supply, maintenance, and training infrastructures can be
reduced based on fewer components that are common across ship classes. The commercial
viability of U.S. shipbuilding is improved primarily by the reduction in construction time, which
reduces overhead costs and potentially improves the shipyard’'s ability to complete
commercially. If successful in getting commercial work, overhead costs to the Navy will be
further reduced.
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Selection of Candidates for Advanced Manufacturing Processes
Transfer

To prove the clams for ship production benefits of modularized equipment and to
develop design, production, and test techniques for Hull, Mechanical and Electrical
(HM&E) modules, three specific module experiments are proposed:

Auxiliay and habitability items usadble on new condruction ships (initidly,
amphibious and auxiliay ship classes).

A Reverse Osmoss (RO) Didilling Unit, a Ventilation Machinery Unit (fan
room).

A Saitary Unit (head)

These modules were sdected from an initid list of candidate modules using multi-
element criteria. Initially, the candidate modules were segregated based on ship

architectural

impacts into three categories. single-function gstand-aone modules, sngle-

function system modules, and multi-functiona zone subassemblies. A candidate module
was selected from each category based on consderation of what is feasble to accomplish in
the 3 years dlotted and the following criteria

Potential cost savings.

Potentid for accelerating condruction schedule by teking advantage of parald
module construction.

Potential  throughput in planned future fleet condruction.

Labor content.

Trade diversty involved.

Learning curve advantages from quantity production.

Testing required in stages 1 through 5 (materia receipt to infrasystem testing).
Complexity of the design.

Secondary impacts on related ship systems.

Past life cycle component falure rates [Navy Maintenance System (3-M) “Top
25"].

Approved Parts Lis (APL) proliferation.

The initid lig of candidate modules consdered is shown in Table 1.12.
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Table 1.12. Candidate Modules

Diesel propulsion Propulsion  ancillaries
Electric  power distribution Waste processors
Centrifugal pumps Firemain

Chilled  water Auxiliary sea water
Hydraulics Compressed air
Winches Ballast system

Food service (microwave galley) Modular  offices

Damage  control  lockers/stations Decontamination station
Modular berthing (crew, troop, and officers) Sanitary unit  (head)
Modular service spaces (library, ship store, Reverse Osmosis Distilling  Unit
barber shop, etc.)

Ventilation of Machinery Unit (HVAC, fan room,

collective  protection)

Description of Candidate Experiments for Advanced Manufacturing
Processes Transfer

Reverse Osmosis (RO) Distilling Unit (single function-stand-alone).
The purpose of the RO unit is to turn sea water into potable water for shipboard use
through the reverse osmosis desdination process. The unit will be developed around the
new Navy sandard level Il drawings for a 12,000-gallon-per-day plant. Ancillary devices
(pumps, motor controller, gage pand, filters) as well as internd piping will be packaged
with the distiller to form the unit. This unit’s selection is primarily based on its
commonality across all ship classes and types, its labor intensity, its high reliability
compared to existing units, and the desire to speed incorporation of the Navy standard
design into the fleet. Figure 1.3 provides a rough sketch of the unit’s proposed
configuration.
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Figure 1.3. Reverse Osmosis Module Concept

Sanitary Unit (multi-functional zone subassembly). This enclosed
module will contain sinks, showers, urinals, and commodes and will be completely
furnished, including mirrors and racks. All distributed systems [plumbing, electrical,
heating, ventilation, and ar conditioning (HVAC)] within the module will be completdy
outfitted in-shop. Ealy ideas envison a dngle location aong the module's boundaries to
sarve as a connection point to al ship system services. Interndly, the design will be geared
toward using commercial marine furnishings and will emphasize accessibility to
components for easy mantenance. This unit's sdlection is primarily based on its large
proliferation on diverse ship types, its multi-trade labor intendty, and the knowledge that
the maority of this type of outfitting is completed today onboard ship (vice on-block or in-
shop). Figure 1.4 provides an artist’s impression of the unit’s three-dimensional
arrangement.
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Figure |.4. Sanitary Space Module Artist’'s Concept

Approach for Advanced Manufacturing Processes Transfer

Experiments

For each of these critica experiments, the Nava Sea Systems Command
(NAVSEA) will cary out a planning and preliminary engineering effort that will produce a
bid package for the experimental prototype module that can be competed. The winning
bidder will be awarded a contract for detail design and fabrication. In addition to the
prototype hardware, the Navy will receive unlimited data rights and level 11l manufacturing
drawings. The detall design and fabrication phase will be followed by stand-aone testing
and findly by a trid shipboard inddlation.

The approach deineated by this plan will be applied to each of the three modules.
Some specifics of the elements of the plan are discussed below.
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Task 1.0 Initial Engineering. Thisisaplanning and preparation task that will
edtablish module capacity, rating, and Size; define interface requirements with other HM&E
sysems, develop draft st of desgn requirements and initiste the acquisition planning
process. This initid planning effort will incorporate a best assessment of the needs of
future shipbuilding programs based on future flest andyses that have been developed by
the Affordability Through Commondlity project.

Task 2.0 Preliminary Designs. This tak will complete the technicd input to
the bid package for the prototype detail desgn and fabrication. It will include sufficient
engineering studies to establish that the bid package represents a feasble concept and that it
is sufficient to guide the bidders to produce the intended product without over constraining
the bidder and thereby difling innovation.

Task 3.0 Bid Package. This task will prepare the actual bid package and
source sdlection plan.

Task 4.0 Contract Award. This task will support the activities required to
awad the detall design and fabrication contract.

Task 5.0 Detail Design. This task will be largely carried out by the winning
bidder; however, a concurrent effort by NAVSEA will be required to manage the vendor
effort and plan for the subsequent phases.

Task 6.0 Fabrication. This will consist of construction by the vendor of a
prototype module, inspection and acceptance by NAVSEA, and preparation and delivery by
the vendor of leve [l manufacturing drawings of the unit. NAVSEA will retan al data
rights to this package to facilitate physicd modifications to the module during the test and
evauaion phase, and to dlow future acquistion to be made on a competitive basis.

Task 7.0 Test and Evaluation. Testing will go on in two phases. The initial
round will consist of stand-alone testing of the unit at a shoreside facility. Pending
satisfactory results and rectification of any problems that arise, the unit will be ingtaled on-
board atest ship to assess functionality, durability, and maintainability in a shipboard
environment. The products of this phase and the program will be reports documenting
issues and lessons learned and defining the specific steps required to bring the unit into
volume  production.
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Funding Requirements for Advanced Manufacturing Processes

Transfer Experiments

Total funding requirements for the proposed experiments to develop three prototype
modules and thereby a module development methodology were shown in Table 3.11.

Management Responsibility for Advanced Manufacturing Process
Transfer Experiments

The Ship Technology Development Group of the Nava Sea Systems Command
(SEA 05R) will manage the Advanced Manufacturing Process Transfer experiments in
conjunction with its dartup Affordability Through Commondity project. A team leader,
nucleus team, and dte are dready available for commencement in FY 1993,
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